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EXPLANATORY NOTE. 

With regard to the list of formations on page 21, and paragraphs 
3 and 4 Of page 27, Dr. Cotter states in a subsequent communication 
that th® term “ Eocene ” has here been retained for this group in 
the sense in which Theobald used it, although it now appears proved 
that the basal beds of the group are older than Eocene and extend 
downwards into the Danian (Uppermost Cretaceous). 

The Cardita beaiwwnti beds are Danian, but here there is no 
break between the Danian and the base of the Eocene. 
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The Geolcgy of Paris of the Mineu, Myingyan, Pakokku, 
and Lower Chindwin Districts, Burma. By G. de 
P. Cotter, Sc.D., F.G.S., F.R.A.S.B. (With Plates 
I to II.) 

CHAPTER I. 

INTRODUCTION. 

The country with which this memoir deals lies between long. 
95° on the east and long. 94° on the west. It is bounded on the 
south by lat. 20° 30', and on the north by 
Area , lat. 22° 15'. It lies mainly west of the 

Irrawaddy river and east of the Arakan Yoma and Chin hills, and 
includes the northern part of the Minbu district, (Salin and Sidok- 
taya townships), the greater part of Pakokku district. (Pauk, 
Seikpyu, Tilin, tiangaw, and Myaing townships), and parts of the 
Pale and Salingyi townships of Lower Chindwin. 

The geological survey of this tract was carri- 
uuAothort of leofojlcal ^ ou j. the following officers of the Geo¬ 
logical Survey of India :— 

G. de P. Cotter; seasons 1906-07, 1907-08, 1908-09, 1909-10, 
1911-12, 1912-13, 1913-14, 1914-15. 

Kao Bahadur, Sethu Kama Kau seasons 1907-08, 1908-09, 

1909-10, 1910-11, 1911-12, 1914-15. 

H. S. Bion, seasons 1911-12, 1913-14. 
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H. Walker, season 1915-16. 

B. B. Gupta, seasons 1920-21, 1921-22, 1922-23. 

E. L. G. Clegg, seasons 1921-22, 1922-23, 1923-24. 

F. W. Walker, season 1922-23. 

C. T. BarbeT, season 1925-26. 

V. P. Sondhi. season 1926-27. 


Three of these officers are deceased (Mr. H. S. Bion, Capt., F. W. 
Walker, M.C., and Kao Bahadur) Sethu Rama Rau; others are 
no longer on the active list, (myself, Mr. H. Walker, Mr. B. B. 
Gupta, Mr. 0, T. Barber). 1 myself have perhaps had a longer 
connection with the survey of this area than any other officer, 
having spent eight field-seasons on it, and having afterwards been 
in charge of the party from 1921 to 1924, during which time I paid 
several visits of inspection to Minbu and Pakokku districts. 

Mr. E. L. G. Clegg has also covered much ground in the country 
west of the Irrawaddy river. His work has been largely to the 
south of the country now being described. It has been arranged 
between us that Mr. Clegg should undertake the description of the 
southern area 1 (south Minbu, and Thayetmvo), and that I should 
describe north Minbu, Pakokku, and the southern portion of Lower 
Chindwin. 

A sketch-map showing the positions of the Survey of India 
topographical one inch to the mile sheets, which cover the country 
now shown in the geological map accompanying this memoir, is 
given in the text-figure 1 on the next page. 

The area under description was geologically surveyed by means 
of these maps on a scale of one inch to one mile. The sheets from 
Topographical «ap t. north to south are numbered as follows 
84 J/4, J/8, J/12, and J/16. 

84 K/l, to K/16 inclusive. 

84 L/l, L/5, L/9, L/13, 

84 L/2, L/6, L/10, L/14. 


Although this area has not been previously mapped as a whole 
in detail, several rough sketch-maps have been already published, 
and small portions of the area have formed the subjects of special 


papers. 

PreriottS B ter ato rc. 


A list of literature dealing with the area is 
subjoined. 


* See Mm*. GtoL Burr. IntL , 72, Pt. 2, (in the Pro**). 
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Burma. Pal Ind., N. S., Vol. XIII. 
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It will be seen that, of the papers listed above, only a very few 
deal with the detailed geology of the area now being described. 
Most of the papers are of a wide scope, and contain generalised 
descriptions of the oil-bearing tract of Upper Burma. 

The main source from which the material for this memoir is 
derived is the collection of progress reports of those officers who 

UapabUtbed ro ^ ave I^^ken m the making of the geological 

pat reports. pf °" survey of the area. As has been noted above, 

owing to the casualties which have occurred, 
it has been left to me and to Mr. E. L. G. Clegg to deal with the 
work of the Geological Survey of India in Burma since 1906; Mr. 
Clegg taking south Minbu and Thayetmyo district, and I taking 
north Minbu, Pakokku, and the southern part of Lower Chindwin. 



CHAPTER tl. 


PHYSICAL FEATURES. 

The fever-stricken Arakan Yoma hills which are aligned along 
the western margin of our map are yet of a memorable beauty. 

Qeneral remarks ^ not orc kid ulad trees of the 

Minbu Yomas, the shrill song of the cicalas, 
nor the scarlet blooms of the rhododendrons ( R . arboreum) which 
cover the top of Mt. Victoria. The rains from the Bay of Bengal 
are held up by this mountain barrier, so that the eastern part of 
Pakokku and Minbu and the Myingyan districts are dry. There is 
therefore a strong contrast in climate. While the Irrawaddy 
valley in the east of the map is in the “ dry zone ” with a rainfall 
of 30 inches or less, the Arakan Yoma and the Pakokku Hill tracts 
have from 60 to 100 inches of rain, and on the Arakan coast the 
rainfall is nearly 200 inches. 

Some of the rivers which drain these hills degenerate into meagre 
trickles of water in the dry season near their junction with the 
Irrawaddy. The bed of the lower Salin chaung is dry in the hot 
weather. The Yaw river dwindles at the same season to a thin 
trickle near Seikpyu. These are strong streams in the Yoma 
foothills, but their water is gradually absorbed by the porous Irra¬ 
waddy Sandstones, and dispersed underground. 

The hills in the west of the map belong to the Arakan Yoma 
and to the Pakokku Hill tracts. The latter should be geographi- 

A ratal Vomt, grouped with the Clan hills. The divid¬ 

ing line between the Yoma and the Pakokku- 
Chin Hill area is fairly sharp. The Yoma is a single ridge dividing 
Arakan (Sandoway and Kyaukpyu districts) from Burma proper. 
This single ridge sends out on either side frequent transverse spurs. 
North-east of Sidoktaya, the single ridge of the Yoma is replaced by 
parallel and loftier chains of hills in northern Arakan and the Pako¬ 
kku Hill tracts. West of ISidoktaya, the height of the Yoma ridge 
is from 6,000 to 6,600 feet (highest peak Suntaung 6,627 ft.); to 
the north in the Pakokku Hill tracts, about 11 miles west of Kan- 
petlet, Mount Victoria rises to 10,086 ft. above sea-level. 

Parallel to this mountain-chain which divides Arakan from 
Burma, there are hill-ranges of lesser altitude. North-east and 

( U ) 
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east of Sidoktaya the Nwamadaung range separates the valley of 
the Mon from the uplands which slope east- 
r range*. war( ] to the Irrawaddy valley. Twenty-four 
miles north by east of Sidoktaya, another range, the Dudawtaung 
or Yeyodaung, intervenes between the Nwamadaung and the Irra¬ 
waddy valley. To the north the Nwamadaung, which attains a 
height of 3,073 feet in lat. 20° 55', decreases in height, and ceases to 
be a dominant feature in the country east of Laungshe. The 

Dudawdaung continues northwards as a long narrow range, attain¬ 
ing a maximum height of 2,656 feet in lat. 21° 8'. Its height then 
decreases, and the range finally dies out south of the Yaw 
river. 


Another range, aligned in echelon with the Dudawdaung, com¬ 
mences north of the Yaw river and is about 2 to 3 miles east of the 
longitude of the Dudawdaung. This is the 

P0 "‘ PoDdaun « Aboufc lat ' 21 ° 45 '> the 
Pondaung range divides into two, and increases 

in altitude. Of the two ranges, that to the east is called the Pon¬ 
daung, and forms the boundary between Lower Chindwin and 
Pakokku districts; that to the west is the Ponnyadaung. But 
a close examination of the map seems to indicate that the Ponnya¬ 
daung has more claim to be regarded as the true northward contin¬ 
uation of the Pondaung than the range to the east which bears the 
name of the Pondaung. I shall in future call this latter section 
of the Pondaung range the Northern Pondaung. 

The Northern Pondaung rises to over 4,000 feet in altitude *, 
the greatest height marked on the map is in lat. 22° 4', and is 4,364 
feet above sea-level. The Ponnyadaung to the west is a lower 
range in the area mapped, but reaches the height of 3,464 feet in 
the extreme north. Further north beyond the mapped area, it 
rises to over 4,000 feet, the highest point between Upper Chindwin 
and Pakokku district being 4,442 feet. 

The above are the main hill-ranges in the area surveyed, but 
there are many other hills and hill-ranges of less importance. 

Between the valley of the Salin chaung and 
the Irrawaddy river, there are uplands of low 
altitude near the Minbu -Pakokku border (Nalletaung, Yewegon- 
taung), rising to a maximum of 1,536 feet about 20 miles south of 
Paiik. East of these irregular uplands and near the shore of the 
Irrawaddy river is the long range of the Yen&ngyat hills, the highest 
point of which, in the north of the field (Thagyi Taung), rises to 


letter MU*. 
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1,196 feet. This point is about 4 miles south of Magyithonbin 
village near milestone 25 on the Pakokku-Pauk main road. To 
the north this hill-range disappears owing to the general rise of the 
surrounding oountry to an altitude of about 1,000 feet. Further 
north, about 1G miles W. N. W. of Myaing, this line is continued 

by another range called also Thagyi Taung (altitude 1.769 feet); 

this passes northwards into the Shwetagyitaung, which rises to 
over 2,000 feet in height. Another low range, the Pagyidaung, lies 
to the north-east of the Shwetagyitaung. 

There are some isolated hills north of Myaing, and also across 
the Trrawaddy, south-east of Pagan, the Pagan hills with their 
southward continuation, the Gwegyo hills, 
Gwefyo ,, ^HH» aga,,, which lie partly on. and partly eastward of, 
the south-eastern margin of the map. In 
the north of the map, the Khode Taung and the Satha Taung (2,105 
feet) are the southern terminus of a range of some importance 
in the territory north of the map. i.e., the Mahudaung. East of 
this the Pindaungtaung is a low ridge some 

13 miles long, the highest point of which is 


MthtidsunK. 


1,760 feet. 

The lowest part of the area mapped is the Irrawaddy river which 
near Yenangyaung is about 150 feet above sea-level. The drainage 
of Pakokku and Minbu districts falls entirely into the Cbindwin or 
Irrawaddy rivers. 

Much has been w’ritten regarding the ancient course of the 
Irrawaddy river. 1 The general opinion of geologists is that 
the Upper Irrawaddy originally flowed down 

CUhSwin riven, ^ va ^ e . v now occupied by the Rangoon-Man- 
dalay railway, but that, owiug to earth-warp¬ 
ing, the river broke through to the west ward at Sagaing, and fell 
into the Chindwin, which originally occupied the valley now carry¬ 
ing the united flow of the two rivers from Pakokku to the sea. Six 
E. H. Pascoe also thinks that the ancient Chindwin may have 


1 Thia question appears to have been discussed first by J. M. Maclarcn [(itogr. Jour a , 
XXX, pp. 507-511, (1907)], and is further dealt with by J. Coggin Brown [liec. G*ol 
Sun. lnd. t XLHI, pp. 178-ISO, (1913)}. Sir E. H. Pascoe (kol. Sun*. ImL, 

XL, Pt. 1, p. 255, (1912)] thinks that the primitive Irrawaddy followed the course of 
the Chindwin and included the head-waters of the Brahmaputra ; while J. \V Oregon 
[Otograph. Joum LXl, p. 166, (1923)) thinks that besides the primitive Irra¬ 
waddy of Pmcoc following the courao of the Chindwin aud Lower lrrawadd\ below 
Sagains, another river, that is the upper Irrawaddy above Mandalay, flowed down m a 
parallel course through the present valley in which the Ilaugoon-Mandalay railway is 
aligned, past Mciktila and Pyiumaua. 
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included tile head-waters of the Brahmaputra, and althoagh this 
theory needs further field-work to substantiate it, it is neverthe¬ 
less obvious from the work of Prof. Gregory and others 1 that con¬ 
siderable alteration in river-courses has taken plaoe since the com¬ 
mencement of Pleistocene times in India. 

The entire drainage of the area now mapped falls into the Ohind- 
win or the Irrawaddy river. There are two other rivers of major 
importance and with perennial water; these are (1) the Yaw, and 
(2) the Myittha with its tributary, the Maw. 

These two rivers follow mainly the synclinal axes of folds. 
This is especially noticeable in the case of the Maw-Myittha. The 
Maw rises in the country south of Tilin, and 
riveilT **** Myittha j 0 ^ ns Myittha, about 22 miles north of 

Tilin. The river continues northwards for 
about 80 miles and at Kalemyo in the Upper Chindwin district, it 
turns sharply to the east, crossing the northward continuation of 
the Ponyadaung range, and finally falls into the Chindwin at Ka- 
leywa. The Myittha rises in the Chin hills, west of the area now 
being dealt with. The Maw, and the Myittha below its junction 
with the Maw, to Kalemyo, follows a synclinal axis, and then, 
between Kalemyo and Kaleywa, becomes a transversal stream, pro¬ 
bably breaking through a saddle in the anticlinal fold, although this 
opinion requires confirmation by further detailed work. 

The Yaw river rises in the Pakokku Hill tracts north of Kan- 
petlet, and follows an irregular course through the monoclinal bolt 
east of the Pakokku Hill tracts, being joined 
at Hnetchaung by the Saw river from the 
south, the latter having its source in the hills south of Kanpetlet. 
The Yaw river now skirts the southern termination of the Pon- 
daung range, and flowing north-east over easterly dipping strata 
to Pauk, turns south-south-east along the synclinal axis between 
the Yenangyat hills and Pondaung and Dudawdaung ranges, 


Yaw river. 


1 See, * Pleistooeno Movement in the Indian Peninsula ’ by E. W. Vrodenburg, Etc. 
ChoL Sure. Ini., XXXIII, pp. 33-45, (1906); also the chapters on 1 The Rivers of the 
Himalaya and Tibet ’ in ‘ A Sketch of Geography and Geology of tho Himalayan Moon- 
tains and Tibet T by Sir S. G. Burrard and Sir H. H. Hayden, pp. 119-208, Calcutta (1907), 

The following papers may aL*o be consulted ; Pilgrim, G. E,, * Suggestions con¬ 
cerning the History of the Drainago of Northern India arising out of a 
Study of the Siwaiik Boulder Conglomerates,’ Joum. At. SocTMmg., N. S n 
XV, pp. 81-99, (1919); Pasooe, Sir E. H., * The Early History of tne Indus, 
Brahmaputra, and Ganges*, Quart. Jaunt. Qeol. Soc ., LXXV, pp. 138-157. 
(1919). 
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Yiioa riven. 


Flora and fauna. 


and reaches the Irrawaddy, still keeping west of the Yenangyat 
hills. 

The alignment of the two rivers described is clearly resultant 
upon the geological structure; their courses follow the synclines 
and when crossing the lines of anticlinal folds, choose the saddles 
or skirt the terminations. 

The southern part of the area is drained by the Salin river, which 
rises in the hills west of Laungshe, and, breaking across the Yeyo- 
„ „ . daiing range, traverses the Irrawaddy sand- 

stones m a broad semicircular sweep past 
Salin and Sinbyugyun to the Irrawaddy. 

In the north-east of the area mapped, the Yama stream drains 
country mainly of soft Irrawaddy sandstone. Another Yama 

Yana riven. stream south of Pale drains a similar type 

of country of Irrawaddy sandstones and 

alluvium. 

These are the principal rivers of the area ; the Myittha, Maw, 
and Yaw are perennial streams ; the Salin river is dry in the hot 

Flora and fauna weat her in its lower reaches; the Yama 

streams are dry generally except during the 
rains or after heavy rain. This memoir is not concerned with 
the flora and fauna of the area, except in so far as they bear upon 
the geology. Yet there are some interesting features which should 
not pass unnoticed. 

The flora of Minbu district has been described by Col. A. T. 
Gage \ who divides it into three zones, (1) that of the Arakan Yorna 
and Nw&mataung ranges; (2) that of the desert zone ; and (3) 

that of the alluvial belt. Of the desert zone he remarks:— 

4 The most striking feature, however in the vegetation of this zone is the 
preponderance of Deccan and Indo-African species. This preponderance is no 
doubt exaggerated in the table based on this collection only, but the two elements 
together probably form at least about a fourth of the whole vegetation of the zone, 
contrasting strongly with the meagre show they make in the other two zones. 
How to aooount for the presence of suoh a comparatively large percentage of Xndo- 
Afrioan species is an interesting problem. One knows that the presence of a con¬ 
siderable African element in the Indian peninsula is explained by the existence 
of a land-connection with Africa in pre-tertiary timaa. Whether one can suppose 
the existence of a similar land-connection between Upper Burma and the Western 
Peninsula before the formation of the Arakan Yoous in tertiary times is a question 
fat geologists to settle.* 

1 The Vegetation o £ the Dirtriot o i Mi&bu in Upper Baras* Ass. BoL Are. Imd,, 
VoL IH, No. 1, (1004). 
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Sir E. H. Pascoe 1 accepts the view that the Gondwana con¬ 
tinent extended from India to Burma, as well as to Australia and 
Africa. He accepts Col. Gage’s work as evidence that in former 
times the Gondwana continent included Burma as well as India 
and was bounded on the north and east by the Tethys sea. 3 

The relationship of the flora to the underlying rocks has been 
discussed in detail by L. D. Stamp and Leslie Lord, 3 whose results 
are briefly as follows :— 

I. Irrawaddian Sands and Gravels. 

In the south of Burma, south of Thayetmyo, Tectona grandis ifi common, but 
as the rainfall diminishes, i.e., as we move northwards into the dr}’ zone, 
this gives place to a forest of Dipterocarpus and Penlacme. The species 
are Eng or Dipterocarpus tuberculatum and Ingyin or Pentacnie suavis. The 
Eng forest seems to thrive on almost pure sand, but as the rainfall drops 
below 34 or 85 inches, Eng is replaced by Ingyin, and this in turn by IHos- 
pyroa birmanica and Teminalia tomentosa. In this very dry type of forest, 
Acacia catechu and Tectona hamiltonii are numerous, these last two species 
increasing in importance to the north, and giving rise to tlic »Sha-l>ahat 
forest. Finally in the semi-desert, we find a thorn scrub of stunted 
Acacia catechu and Euphorbia antiquorum. 

Where the Irrawaddian is obscured by alluvium, Zizyphun jujnba is common. 

The vegetation k more varied near stream-course's. 

II. Pegu Sands and Loams. 

Bamboo (Dendrocalamus strictua) is abundant. In the country' north of 
Thayetmyo Ingyin [Penlacme suavis) is common, also lHo^pyros. North¬ 
wards from Minhla, the large quantity of gypsum in the clay bands has a 
deleterious effect, and the Acacia Tectona Thom Forest prevails. In the 
driest parts, even thorn scrub of Acacia and Euphorbia is found. 

III. Pegu Clays. 

In south Thayetmyo these clay's produce a Bamboo-Acacia Savannah Forest. 
There are dense bamboos, and scattered larger trees, Terminalia bialata, 
Acacia catechu , and Zizyphus jujuba. Further to the north-west, where the 
surface drainage is good, a Tectona hamilionii-Terminalia oliveri Savannah 
Forest is typical. Where drainage is bad, there is Acacia catechu Thorn 
Forest. 

1 Mem. Oeol. Surv. Ind^ XL, p. 248, (1912). 

* Sir E. H. Pascoe’s account in the passage quoted does not appear to require a 
belief in the theory of continental drift. He follows Burrard and Hayden [Sketch of 
the Geography and Geology of the Himalaya Mountains and Tibet, Calcutta, (1907- 
1906)] in the mam. I have in a recent paper [Geological Structure and Distribution of 
ths Oil-bearing Rocks of India and Burma ; World Petroleum C'onqreas, London, (1933), 
paper No. 168] advocated the continental drift theory' as applied to India, and I agree 
with Sir E. H. Pascoe that Burma as far east os the western margin of tho Shan Statos 
formed part of Gondwanaland. 

* The Ecology of part of the Riverine Tract of Burma, Joum. of Ecology, Vol. XI, 
pp. 129-199, (IvzS). 
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IV. Stream alluvium and hill -wash. 

On this land, much of which is cultivated, is found Zizyphvs with (in the south) 
bamboo, and with (in the north) the wild Castor (Ricinus communis) or 
with several species of Jatropha. Where there is good drainage, the hedge¬ 
row vegetation characterised by Combretun apetalum is found. 

V. Alluvium of the Irrawaddy river. 

Cultivated land, but characterised by “ Kaing ” grass (Saccharum spontaneum 
and S. fuscum). There are largo shady trees, mostly planted Tamarind 
(Tamarindus indicus), Toddy Palm (Borassus fiaUUifer ), and Cotton Tree 
(Bombax rnalabaricum). 

The above classification, although applied by L. D. Stamp and 
L. Lord to the country between Yennangyaung and Prome, will 
apply equally well to the drier parts of north Minbu and Pakokku. 
In the more rainy belt to the west is found a more luxuriant forest, 
and on the banks of the Myittha in the Chindwin districts, the 
forest somewhat resembles that of Tenasserim, owing to the abun¬ 
dance of tall trees (teak, Xylia, Terminal ia, Diptcrocarpus), and 
in the wetter parts abundant Calamus. 

Mount Victoria is dad from 9,(XX) feet or so upwards with Rho¬ 
dodendron forest. The Rhododendron trees are of one species 
(R. arftorrum) with scarlet flowers, making a fine show in the spring. 
There are however smaller species of Rhododendron ( R . formosum ) 
in the undergrowth. This last has white flowers. 

Below' the Rhododendron belt is a mixed forest, in which Pinus 
khasya predominates. There are species of Quercus . and many 
other trees ( Castanopsis , Cedrcla , Dipterocarpus). 

The fauna of the area need not concern us here, but it may be 
remarked in passing that zoologists have supposed a former land 
connection between Malaya, India, and Madagascar, this former 
continent being termed “ Lemuria ". l It has been thought that 
the existing distribution of animals and especially of lemurs can 
best be accounted for bv this theory. Those who believe in the 
theory of continental drift, will regard 4i Lemuria ” as merely a 
large fragment of Gondwanaland, after South America and 
Australia had broken away. 

Additional evidence of a former land connection between Mada¬ 
gascar and India is brought forward by Baron von Huene and 
Dr. C. Matley in their account of the reptiles from the Upper 

1 See A. Qeikie, Text-Book of Geology, 4th edition, (1903), p. 391, and references. 
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Cretaceous of the Central Provinces 1 , but in Burma there are no 
Mesonoic reptilian remains as yet discovered. 

The connection of the Indian mammalian fauna with that of 
Africa is clearly proved by a comparison of late Tertiary Indian 
forms with existing African fauna. The Burma tertiary mamma* 
lian fauna may perhaps be regarded as belonging to the same 
province. 

1 The Cretaoeow Sanrisohia and Omithiaohia of the Central Provinces, PaL l*d 
N. S., Vol. XXI, (1933). 
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THE AXIAL OROUP. 


LW of formations. 

The following is a 
met with, with their 

list of the formations 
approximate European 

equivalents:— 



6. Low level Alluvium .... 

. Sub-recent to Recent. 

5. High level Alluvium, and Plateau Gravel . 

. Pleistocene. 

4.6. Irrawaddy sandstones 

. Pliocene to Pontian, or 



Vindobonian in north. 

4u». Haw gravels and sands 

. Pontian to Vindobonian 



or Burdigalian. 

3. Pegu series— 



Upper. 

C Akauktaung stage . 

. Vindobonian. 

i Pyalo stage 

. Burdigalian. 

Middle 

r Kama stage . 

. Aquitanian. 

i Singu stage . 

. Chattian. 

Lower. 

€ Padaung stage 

. Stampian. 

l Shwexetaw stage . 

. Lattorfian. 

2. Eocene series— 


Upper. 

(Yaw stage 

Priabonian. 

t Pondaung stage 

. Auversian. 

Middle 

f Tabyin clay . 

. Lutetian. 

v Tilin sandstone 

. Lutetian. 


(Tipper Laungahe beds 

Ypresian. 

Lower. .< Lower Laungahe beds 

Thanetian. 


^ Basal Laungahe beds 

Danian. 

l. Axial rocks and Kaapetlet schists 

. Age unknown, probably 



in the main pre- 
Cambrian but with in¬ 



folded rocks of Meso- 
soio age. 

It will be convenient to discuss these 

formations in an order 

reverse to that given in the above list, that 

is, commencing with the 

oldest. 



I. The Axial Group and the Kanpetlet Schists. 

It will be seen 

from the map that the most westerly rocks along 

the slopes of the 

Yoma and the Pakokku 

Hill tracts are labelled 

Arali. 

< n ) 
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This term needs clarification, and I must recount its history 

and try to give a clearer definition of its mean- 
History of ferni ,, , 

“Axial *\ mg than it formerly possessed. 

The term was first used by W. Theobald \ who applied it to 
the altered rocks which constitute the main range of the Arakan 
Yoma. Later Theobald 2 restricted the term to certain rocks in 
western Thayetmyo which he imagined to be of Triassic age, while 
those to the south in Western Prome and in Bassein district he 
termed Negrais series, with a hint that they w’cre of later age, 
perhaps Cretaceous. 

There is not much fossil evidence for regarding the Negrais 
rocks as Cretaceous. The rocks are, according to M. Stuart, 3 a 
monotonous series of indurated sandstones and shales. Stuart 
includes in this term all sub-metamorphosed rocks which form the 
high land of the Yoma. 

‘The only fossils', says Stuart, * which have boon obtained from them are a 
few badly preserved specimens of what appear to bo a species of Vicar ya preserv¬ 
ed in iron pyrites, which I obtained from a study bed some nine miles west of Myin- 
wadaung.’ 


The Negrais rocks must be regarded as older than Eocene, in 
spite of the Ti'carya-like shell, as they appear to 
underlie the Eocene all along the southern 
Arakan Yoma. 


Negrais rocks. 


In the Andaman Islands, Mr. G. H. Tipper 4 found sedimentary 
rocks underlying the Eocene. They consisted of red and yellow 
jaspers, quartzites, ^ and pink and white porcellanic limestones. 
He regards the porcellanic limestone as very similar to the Lower 
Cretaceous limestones of Baluchistan. This series is associated 
with serpentine. Mr. Tipper remarks that these rocks are similar 
to those of the Arakan Yoma and of Manipur. 


At Kywezin in Henzada district, M. Stuart describes certain 
coal-seams which lie on the boundary of the Eocene and Negrais 
series. He places this coal in the basal Eocene, but subsequently 
Mr. C. Beadon found a fossil fragment in this coal, apparently of 


1 The Axial Group in Western Prome, Bee. Geol. Surv. 2nd., IV, p. 33, (1S71). 
•Geology of Pegu, Mem. Geol. Surv. Ind., X, (1873). 

* Geology of Henzada, Bee. Geol. Surv. Ind., XU, p. 240, (1012). 

« Mem. Geol. Surv . Ind., XXXV, p. 205, (1911). 
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an ammonite. 1 This specimen in two pieces was sent to Dr. L. F. 
Spath, British Museum, for examination. He has sent the follow¬ 
ing note on the specimen, 

‘ Thu two specimens you forwardod proved to b« part® of one individual and 
.U tout scorned quito unidentifiable. After a good deal of Invitation, 1 have, how¬ 
ever, now come to the conclusion that the specimen is neither a Perispktnctes nor 
even JimtSHk', but (if a cephalopod at all) must be one of those turrioonea that are 
commonest at the top of the Campanian and especially the base of the Maostrichtian, 
and that it ptohahi> Indonga to the genus liostrychncera*. It is, in fact, comparable 
to the t\i»e s of HmlryvImceraA itself, namely H. (“ licleroctras ”) jiolyyUtmm 

(Sf’hluter) which may or may not have tulx'rch^, but m the absence* of a sutun- 
line and in view of the generally poor condition of the specimen, this identifica¬ 
tion cannot l>e more than provisional.’ 

Mr. A. Campbell informed me that other coaiseams occur on 
the western side of the Yoma in the Bassein district. 

Theobald describes tin* Negrais rcw*ks as shales and sandstones, 
generally highly altered, the sandstone being converted into a cherty 
rock. There is widespread alteration both of sandstones and of 
shales He mentions the presence of blue slaty shales with inter- 
bedded blue Innc.stones unfortunately unfossiliferous. On the 
axis of the range he found reddish and pink clays. He mentions 
a sandstone series exposed on the coast, which appears to rest 
with a basal (onglomerate upon the more highly disturbed Negrais 
rooks. He includes this sandstone in the Negrais group, but, if 
so, the Negrais groups must be a complex including rocks of very 
different ages. At Cape Negrais he notes the presence of crushed 
oarl>onaceous tree trunks and branches in the shale and sandstone 
series. 

Our knowledge of the Negrais group is so scanty that only the 
vaguest conjecture can be made of the age. The coal-measures of 
Kywezin appear, if Dr. Spath’s provisional identification be accept¬ 
ed, to be Upper Cretaceous. But Dr. M. Stuart places these coal- 
measures in the base of the Eocene, and not in the Negrais group. 
It will be seen from the notes given in a later page on the country’ 
to the north from Thayetinyo to Pakokku, that there is good ground 
for supposing that the Burma Eocene series extends downwards 
into the Upper Cretaceous. Dr. Stuart’s view that these coal- 
measures are to be grouped with the Eocene suite rather than with 
the Negrais is not inconsistent with recent results. 

1 8m The Mineral Deposit* of Burma, by G. de P. Cotter, Government Printing 
Press, Rangoon, (1924), p. 18. 


D 



24 


COTTER : GEOLOGY OF PARTS OF MINBC, ETC. 


If wo remove those coal-measures from the Ncgrais group, 
actual fossil evidence as to the age of the group is practically absent. 

One has a strong impression that we are 
complex** Sr ° UP * deaUn 8 a complex of several rock-groups, 

and not with rocks entirely Cretaceous, or 
entirely belonging to any other period. Perhaps the Vioart/a- 
like shell found by Dr. Stuart may represent an infold of Tertiary 
rocks ; or the shell may be one of those Cretaceous gasteropods, 
e.g. % Trocalia, similar to forms found associated with the Axials in 
Pakokku (vide infra). It is clear however that the Negrais group 
ip for the most part completely unfosailiferous. The probability 
is that we are dealing with ancient unfossiliferous rocks, isoclinallv 
folded, into which are infolded bands of fossiliferous rock of Meso¬ 
zoic or later age. 

In the single section accompanying Theobald’s memoir, be 
shows that the structure through the Arakan Yoma to the Irra¬ 
waddy between Kama and Prome is isoclinal throughout the Yoma 
until the boundary of the Nummulitics is reached. 1 

The Ma-i group of Theobald is founded upon the discovery of a 
single specimen of Injlaticeras in the bed of a small stream near 
M« i rou Ma-i in Sandow'ay district. Theobald sup- 

greyp. poses that it had weathered out of the shales 

exposed in the stream-bed. Upon this evidence, Theobald has 
marked a very large portion of the western slopes of the Arakan 
Yoma as Cretaceous, but it is not necessary to suppose as Theobald 
does that the Cretaceous rocks extend inland into the heart of the 
Yoma. A Cretaceous fossil (Mammilcs daviesi) has been recorded 
from Ramri Island. 2 This seems to indicate that the Cretaceous 
rocks are striking in a north-north-westerly direction along the 
Arakan coast. 

With regard to a belt of Eocene rocks mapped by Theobald 
in mediately west of the Yoma ridge in Sandoway district, and 
shown on the new geological map of India, 
•B C crTOr l ? YOma Eocenc I can find no evidence in his text, and 1 am 
inclined to think that this is a cartographic 
error which was made when reproducing TheobakTs original map. 

' (hoi . Surv. Ind. t X, PI. 1, (1873) 

•Op. eft. , XXI , p. 48, footnote, (1884); and Etc. Q*ol. Surv. Ind LXVI, p. 255, 
(1032), and LXVIII, p. 414, (1935). 
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The belt is not shown in his section above mentioned. The only 
Eocene rocks he mentions west of the Yoma are those on the coast 
from Kyeintali (“ Kyeantalee ”) northwards. The view that this 
central Yoma strip of Numinulitic rocks is a cartographer’s error 
seems proved by the remark in Theobald’s memoir (p. 318) :— 

* On the East, the Axials are in immediate contact with the Nummuliticg, 
the ImmIh of l>oth groups standing at a high angle. On the West in place of the 
Nuininuhticri, there is a great thickness of rocks of undoubtedly Cretaceous 
age.’ 

If the strike of Theobald's Negrais group is continued north¬ 
wards, it ill readily be seen that these rocks strike into the Axial 
group. But Theobald marks a faulted boundary between 
the two, at the same time marking the boundary on his map 
** unsurveyed He has also the following remark in his memoir 
(P. 3HS):’ 

4 1 am aware of the well-founded and laudable jealousy which exists in the 
minds of many geologists touching the introduction of faults which are incapable 
of ocular demonstration ; hut it is possible to carry this to the opposite extreme, 
etc.’ 


Theobald's fault between the Axials and the Negrais groups 
is therefore hypothetical, and we arc not bound to accept it as it 
is not bastsl upon field evidence 

On the contrary, we have seen that the Negrais group is in all 
probability a composite one of several ages, and not necessarily 
Cretaceous. I shall show now that Theobald’s belief that the 
Axials were Triassie involves the same fallacious narrowing down 
of the age of a composite group to that of a single fossiliferous lime¬ 
stone hand infolded iu it. 

Theobald (p. 3‘21) gives a section through the Axials in the Hlwa 
stream in western Thavetimo. The general type of sub-metamor¬ 
phosed sandstones and .shales does not seem 
• ^ilfplex 0 group^ C<m ^° to differ sufficiently from the Negrais type of 
rock to justify a separation on lithological 
grounds. On the contrary the lithological similarity to the Negrais 
group and to the pre-Tertiary rocks of the Andamans described by 
Mr. G. H. Tipper is rather striking. Normally, their similarity, 
the fact that they are on the same strike, and below the same Ter¬ 
tiary suite of rocks would lead us to conclude that they are closely 
related. 
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Theobald’s section in the Hlwa stream is thus epitomised by 
him (p. 322):— 


Ft. 

Lower Axial Shales and sandstones ...... 300 

«.• Cardita Bhales ......... 110 

b. Halobia limestones, shales, etc. ....... 33 

c. Freckled grits, etc. ......... J,304 

d. Shales and sandstones ........ 1,221 

f. Shales and sandstones ........ 070 

/. Sandstones, ote. ........ 147 


The whole section is regarded by Theobald as in normal ascend¬ 
ing order. Strata a to / are marked “ Upper Axials 

Mr. G. H. Tipper in two notes on the “ Trias ” of. Lower Burma 1 
has cast a spanner into the mechanism of Theobald’s reasoning. 
Theobald’s Cardita beds are shown by Mr. Tipper to contain 
Venerirardia beaumonh , the well known Daman fossil of North¬ 
western India. In the Hahd)ia beds, which are truly Triassie, 
Halobia Ummieli occurs, with Monotis and Ariatla. Mr. Tipper 
says in conclusion 

‘ It is very evident that Theobald’s Axial (Triassio) group is a very mixed one, 
containing not only Triassie rocks, but also beds of Cretaceous age.’ 


Obviously the Cardita beds are infolded into older rocks, 

the whole being more or less isoclinally folded. There is also 

obviously no reason to suppose, because the Halobia beds are 

Triassie, that the entire mass of unfossiliferous Axial beds are also 

Triassie. Such an argument from the particular to the general is 
unsound. 

The time is now ripe for a reconsideration of the whole question. 
It must be concluded that (a) the distinction between the Negrais 
and Axial rocks is very doubtful; (b) both 

th^same. NefTtlf are complex groups, comprising rocks of differ¬ 
ent ages; (c) the strip of Eocene rocks map¬ 

ped in the central Yoma area is probably a mistake ; itfi existence 
is certainly very questionable ; (d) Cretaceous rocks of Albian to 

Turonian age occur at Ma-i on the coast and in Ramri Island on the 
same strike, bnt there is no justification for marking the Cretaceous 
belt as extending so far inland as Theobald has done. 


1 /fee. CM. Own. /«*.< XXXIV, p, 134, <1903), and XXXV, p. 119, (1907). 
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F. Noetling, who in many other instances has changed the pre¬ 
existing names given by earlier geologists to Indian formations 1 

Chin thales without any very obvious cause, has com¬ 

plicated the definition of the Axial group by the 
introduction of a new name * Chin shales * for the pre-Tertiary rocks 
of the Yoma. 2 We may at once dismiss this term to the waste- 
paper basket. 

Sir H. H. Hayden, under Noetling’s term ‘ Chin shales de¬ 
scribes the Yoma rocks underlying the Tertiaries in Minbu district. 2 
The rocks found consisted of (1) a bed of very dark purple schist 
with some limestone bands, (2) an immense thickness of green and 
purple shales containing enormous quantities of vein quartz, (-1) 
intrusions of dolerite, gabbro, and serpentine. There is intense 
crushing, folding, and faulting. 

Turning now to the area shown in the map accompanying this 
memoir, it may he observed that no fossils are known with certainty 
from these Yoma rocks ; some Upper Cretaceous fossils, found 
on the margin of the Axials in Pakokku, are doubtless referable to 
the basal l>eds of the succeeding series (Eocene group). 

The Cardita beamnonti beds of the Hlwa stream in Thayetmvo 
district must, I think, also be referred to the Eocene group, which 
extends downwards into the Danian. 

Some (tlobigcrina limestone of unknown age occurs in the Minbu 
Axials, and there are no other known fossils in the series save those 
above noted. 

The country from Sidoktaya to Saw was mapped by 
Mr. E. L. (J. Clegg. The following account of the north Minbu 

... . Axials is taken from his progress reports on 

Axial* of north Minbu. . i r 

the area :— 

The Axials west of Sidoktaya consist of shales, schistose sand¬ 
stones, schists, and lavas. The occurrence of these lavas lying 
in big blocks upon sandstones recalls the structure of pillow lavas, 
but no section was found which was decisive enough to settle the 
question whether they are really pillow lavas or not. 

The lava is of a vesicular type with greenish glassy appearance. 
Under the microscope, aggregate polarisation is shown under crossed 

1 E.g. % Baghanwaia stage for Salt Peeudomorph tone of Wynne ; Bastttn *trir<t 
for Kummulitic or Eocene aenea of Theobald ; Jkahnan Mag* for Cardita b'iu montt 
tone of Rlanford ; Jutana stage for Magnesian Sandstone of Wynne, etc., etc. 

% R*c. Orel. Surv. Ind. t XXVIII, p. 62, (189.5); Pal. Imi., N. 8., Vol. I, p. 3. (1899) 

• Rtc. Orel Surv. XXIX, p. 73, (18J#y 
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nioo[s. The vesicles, which are rounded, are filled with calcite, 
and other parts of the section show impregnation by the same 
mineral. Towards the edge of the slide, a mosaic of quartz seems 
to form the ground-mass, although in ordinary light a large quantity 
of a greenish mineral has the outlines of what were apparently 
former lath-shaped crystals. It is impossible to estimate the 
original constitution of the rock, but it may have had spilitic 
affinities. 

To the north, in sheet 84 L/l, Mr. Clegg notes that the boundary 
of the Axials and Eocene becomes very indistinct near the northern 
margin (lat. 21°) of this sheet, and he thinks it probable that some 
Eocene rocks are folded in with the upper Axials. Direct evidence, 
however, was not forthcoming, and the rocks were too varied and 
crushed to permit of their stratigraphical relationships being 
determined. 


Eocene basal 
glomerate. 


In sheet 84 L/2, the Axials lie a short distance west of the Mon 
river, and occasionally the river actually crosses the boundary. 
Owing to the proximity of the Nwamataung range, the folding is 
more violent than in the more northerly area of 84 L/l. 

From Buywa to Chiywa, in this sheet, on the banks of the 
Mon river, shales of Lower Eocene (Laungshe stage) age are exposed. 

Westwards, up the Chi chaung, is a band of 
metamorphosed conglomerate. A similar 
conglomerate is exposed on the Kanywa track 
west of Sidoktaya (in sheet 84 L/3, south of the country described 
in this memoir). The conglomerate on the Kanywa track is de¬ 
scribed by Mr. Clegg as consisting of quartzite pebbles from the size 
of sand grains to one inch diameter, in a mosaic of quartz with 
strain polarisation. The boundaries of the individual grains are 
sometimes ill defined. Mr. Clegg regards this conglomerate as the 
basal bed of the Nummulitics. Underlying this conglomerate, 
the Axials show fine grain oontorted shales with some secondary 
silica ; these are exposed about a quarter of a mile west of the 
conglomerates. At the same distance west of the new village of 
Chichaungywa are exposures of an igneous rock, consisting of an 
acv interlocking mass of andesine felspars of lath 

^ shape, the interstices being filled with calcite. 

The felspars do not vary in size, and the original rock must have 
cooled fairly slowly, probably in a dyke or small boss. From its 
texture, it seems to have been something between a trachyte and 
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its plutonic equivalent. It certainly, however, could not be called 
a syenite porphyry. Boulders of jasper-like rock are very common 
in the river-bed .of the Chi. 

The village of Paiksok is situated about 6 miles N. N. W. of 
Chiywa, and is built on the western bank of the Mon on Axial 
strata. These strata must come close under 
the conglomerate mentioned above, which is 
exposed in the Chi. A green clay is here seen, soapy to the touch, 
and resembling the clays which are derived from the ashes of Mt. 
Popa. Near the exposure of clays there is seen in the river an 
isolated mass of agglomerate, about 20 feet high by 20 and 30 feet 
wide and long. The included trachyte bombs measured up to 8 
inches in diameter .and consisted of glomero-porphyritic felspars in 
a ground mass of the same mineral. 

About three miles north of Paiksok, the Dwe chaung joins the 
Mon river. Near the junction with the Mon, it traverses Laungshe 
stage rocks, but over the greater part of its course it lies in Axials. 
Sandstone is found half a mile west of Dweywa, and is succeeded 
by contorted shales containing huge boulders of crystalline lime¬ 
stone. Half a mile west of a village two miles west of Dweywa, 
and named Ngakyiywa, was found a boulder of green decomposed 
trachyte, similar to that described above, but more decomposed. 

About 11 miles N. N. W. of Dweywa is the village of Ngataw- 
zok on the Mon. East of this village are conglomerates dipping 
north. These are probably the basal beds of the Nummulitics, 
and Axials lie to the west. Not quite seven miles north by west 
of Dweywa, the village of Longyi also lies close to the Axial-Num- 
mulitic bouudary. Half a mile south-west of Longyi is an occur¬ 
rence of what appears to be a true pillow lava, the pillows lying in a 
loose decomposed matrix. The lava itself is a vesicular trachyte, 
and consists entirely of thin feathery laths of felspar, and microlites 
of the same mineral, while the vesicles are tilled with caleite. The 
rock resembles t*hat described above. It is underlain by shaly 
strata. 

In this area, about 1 mile west of Taunggyin, on the boundary 
of the. P&kokku Hill tracts, where it crosses the Mon river, there 
is an interesting exposure of a plutonic rock consisting of basic 
plagioclase, hornblende, and a little magnetite. With it are asso¬ 
ciated serpentine and agglomerates. To the west, a coarse con¬ 
glomerate uncouformably overlies serpentinous agglomerate. Similar 
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conglomerates are seen about one and a third miles W. N. W. of 
Taunggyin on the Mon bank. Serpentine forms the steep western 
bank of the river, and in this serpentine, at a point two and a half 
miles west 30° north of Longyi, there is an occurrence of copper 
ore. 

West of Ngatawzok, down the Sin ckaimg in supposed Axial 
strata, are seen silicified trachytes, tuffs (about half a mile from 

aiohirerf v ^ a 8 e )> ftn( * a quarter of a mile further, 

stone. a boulder of Globigerina limestone. Further 

west other crystalline limestones protrude 
through the shales. Here also a boulder of serpontinised peridotito 
was found. 

Up the Mon river near Hmindingyin, a small village about two 
miles W. S. W. of Ngatawzok, the Axial rocks are the usual con¬ 
torted and slightly metamorphosed shales and sandstones. These 
are followed by an agglomeratic type of rocks. On the boundary 
of the Pakokku Hill tracts, there is a rather gneissose quartz-diorite. 

Two miles N. by W. of Ngatawzok is Sinchaung village. In 
several sections in this area crystalline limestone pushes through 
the shales. One mile south of the village are laminated vertical 
limestones and shales. 

Four miles to the north, near Pyingyi, about one and a quarter 
miles W. N. W. of this village, is an exposure of Globigerina lime¬ 
stone. Further west other crystalline limestones protrude through 
the shales. One and three-quarter miles W. N. W. of Pyingyi are 
slightly metamorphosed and very contorted sandstones and shales. 

In the north of sheet 84 L/l, south-west of the deserted village 
of Mehin, the Axials are composed of laminated shales and sand¬ 
stones, with limy bands and calcite veins, all being very much con¬ 
torted and faulted. 

Immediately to the east of Mehin, a band of limestone with 
Lithothamnion is placed by Mr. Clegg in the Nummulitic group. 

In sheet 84 K/4, Mr. Clegg records that west of Yinye, the 
Paunggyi sandstones and conglomerates overlie Axial rocks con- 

ScWst*, quartzites of contorted Mue shales, and, to the 

an* i h a kt. west of these, contorted schists and slaty 

quartzites veined with calcite. Large bould¬ 
ers of schists are scattered over the valley floor; these are similar 
to scene seen in the Kyauksit stream-bed in the south of sheet 84 
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West of Thigon, a village about 4 miles south of Saw town in 
sheet 84 K/4, Mr. Clegg says that the Axials are a series of sand¬ 
stones and shales, the latter slickensided, the former metamor¬ 
phosed, and the whole very much contorted. 

The above notes, taken from Mr. Clegg’s progress reports, may 
be supplemented by observations by myself and others in the 
country to the north. 

Mr. H. S. Bion collected some specimens of conglomerate from 
Swelegyin, in basal Nummulitic rooks overlying the Axials. These 
conglomerates contained small nummulites and Orthophragmina\ 
wliicli point to an Eocene, obviously a lower Eocene, age. 

In the Saw river, at this horizon, I found similar conglomerates, 
and near Anyakadin, a village about three miles north by west of 
Saw, three furlongs to the north-west of the 
menu*? ****** C ° nK *° village, in basal Eocene rocks, consisting of 
coar&e buff sandstone and shale, there were 
intercalations of limestone containing Orthophrag mince and small 
nummulites. The nummulites were about one millimetre in diameter. 

Beneath these were axial rocks, consisting of sub-metamorphosed 
and highly contorted and disturbed .shales, satin shales, horn-stones, 
fine-grained sandstones, sometimes with ashes, and some less altered 
sandstones. 

On the bridle-path from Saw to Kanpetlet, near Wunubaung, a 
gradual change of facies takes place in the Axials. The grade of 
metamorphisrn is higher to the west, and the 
Change of fades in rooks are mainly talc-schisU, mica-schists, 
tncti. green chloritic schists, quartzites, vein quartz, 

steatite veins, and some satin shales and blue 
slialy schists. One of the commonest types is talc-schist containing 
iron oxide which weathers in bright red hues. These types are seen 
from Wunubaung to Kanpetlet, and westwards to the top of Mount 
Victoria, and the twin unnamed peak, 10,190 feet high, lying one 
mile to the west. The rocks closely resemble those seen around the 
steatite mines of the border of Minim and Kyaukpyu districts, 
described by Sir H. H. Hayden 1 . 

When I first visited this area, I believed that these more highly 


metamorphosed rocks with predom nant talc-sch sts should be 


" Kanpetlet schists." 


separated as a different series from the Axials, 
and I named them provisionally the Kanpetlet 


i Hoc. Choi. Surv. fmL, XXIX, pp. 71-76, (1S96). 
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schists. Subsequent mapping seemed ’ 'to show that there was no 
sharp boundary between the more highly and the less highly meta¬ 
morphosed groups. Rather there seems to be a gradual transition, 
by a gentle increase of metamorphism. 

Latterly I have been mapping the Hazara district in the north- 
West Frontier Province. One can there trace a somewhat similar 
gradual change in the Attock and Hazara slates, which in North 
Hazara become satin shales, pliyllites, and schists. While I am of 
opinion that the Axials are probably a complex group, involving 
more than one series, I no longer adhere to the opinion formerly 
expressed that the lithological differences between the “ Kanpetlet 
schists ” and the Axial rocks to the west of them imply that they are 
different series. 

In the section in the Kyauksit chaung in the south of sheet 
84 K/3, west of Kyauksit village, there is a belt of coarse sandstones 
and conglomerates, which form low hills. They underlie the main 
portion of the Laungshe shales, but they themselves are underlain 
by shales of the ordinary blue sottish type. The conglomerate, when 
traced northwards towards Hnaw in the north of the sheet, thins 
out, and the shales predominate. The conglomerate is therefore 
inconstant ; nevertheless, from its strati graphical position, it must 
be correlated with the Paunggvi conglomerate. The shales below 
are a downward extension of the Eocene or Nummulitio series, 
possibly into the upper Cretaceous. About two-and-a-half miles 
west of Kyauksit, Axial rocks occur of the types seen near Saw, that 
is mainly contorted sub-metamorphosed shales and sandstones. 

In this area, I found a fossiliferous boulder of conglomerate 
lying loose in the stream-bed at the junction of the Kyauksit and 
Kyaw chaungs. The fossils were provision- 
ceftgtofnerate ^ re ** ccw,s ally identified as Nrrinea sp., and Trwhtdut 
sp., and pointed to an upper ("retaceous age. 

We have seen however that the base of the Nummulitic series 
extends downwards into the Cretaceous in Henzada, where the coal- 
seams contained a turricone ammonite. Further it will be shown 
below that the basal beds of the Nummulitics iu north Pakokku 
district between Tilin and Gangaw contain Orbitoides apindaln , 
Ciwulia sp., Roudaria sp. and other fossils indicating the Danian 
stage. It is therefore probable that there are some outliers of the 
basal beds of the Nummulitic group involved in the folding of the upper 
Axials, and occurring as isolated patches west of the main outcrop 
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of Tertiary deposits. This view is not inconsistent with the view 
that there is strong unconformity between these basal conglomerates 
and the Axials. The Kalaw Red beds of the Shan States are, in a 
somewhat similar manner, to some extent involved in the folding 
of the Loian series and Plateau Limestones beneath, while they 
themselves are of upper Cretaceous age and uneonformable to the 
rocks below. 

It is probable therefore that this piece of conglomerate with upper 
Cretaceous fossils comes from some Cretaceous outlier caught up 
in the Axials. 

The Cardita beaumonli beds of the Hlwa stream in Thavetmyo, 
mentioned above, are similarly folded into the Axials. 

A little over two miles to the west, the Axials change to the 
* Kanpotlet sehivt f type, with predominant talc-schists. 

Another spot where fossils were found in Axial country was on 
the hill path about two miles north-east of Wabotaung village in 
the south*west comer of sheet 84 K/3. Here coarse sandstone was 
found containing Exogyra sp. and Orbitoides sp. These coarse hull 
sandstones are however unlike the Axial rocks in appearance, and 
are probably an outlier of newer rocks resting unconformably upon 
the Axials. 

The Axials were closely examined in the Che chaung section west 
of Yawmyo in sheet 84 K/3, but no fossils were seen in them. The 
rocks were sub-metamorphosed shales and sand- 
•* stone. The change to more highly metamor¬ 
phosed rock of the “ Kanpetlet schist ” type 
is seen between the third and fourth milestones on the bridle path 
from Minda Sakan to Yawmyo. The absence of any beds of coarse 
sandstone resembling the Exogyra beds found near Wabotaung 
is another indication that these beds are not part of the Axial 
group. 

Around Kywechaung Yaphe village in the north-west corner of 
sheet 84 K/3, similar rocks are seen. The Axials are flaggy hart! 
micaceous sandstones with traces of ash. and of a blue grey colour, 
interbedded with phyilitic or satin shales. The disturbance is 
intense. Westwards these beds "pass into schists and phvilites 
through a more intense metamorphism, while the sandstone inter¬ 
calations have dwindled. Vein quartz is common. In this region 
the transition from the less metamorphosed type to the more highly 
metamorphosed type is gradual,' while southwards around Kanpetlet 



34 


COTTER : GEOLOGY OF PARTS OF MINBU, ETC. 


and west of Kyauksit, the transition is fairly sharp. There is no 
trace of fossils anywhere in the group. 

In sheet 84 K/2, the Axials west of Kyi in the south of the sheet 
are exactly similar to those seen around Kywechaung Yaphe, and 
the transition from less to more metamorphosed rock is gradual. 
West of Tilin, the sections through the Axials are again similar to 
those already described. 

Sheets 84 K/l and 84 J/4 were mapped by Mr. B. B. Gupta. 
He describes the Axials in the west of K/l as hardened sandstones 
and shales contorted and intersected by veinlets of calcite and 
quartz. The sandstones are sub-schistose ; the shales approach the 
condition of slates. Rocks of Kanpotlet schist type were not seen. 
In sheet 84 J/4, some of the Axial beds were grey sandstones with 
enclosed fragments of black flattened shale. The Axials are a series 
of shales and sandstones, the shales almost slaty and with a silky 
lustre. Some of the shales are a pitchy or jet black hard rock, 
resembling the touchstones of some Indian goldsmiths. Mr, Gupta 
could not find any trace of fossils. 

The account of the Axials given in the foregoing pages, if some¬ 
what tedious, at any rate shows that they are in the main an unfos- 
siliferous group of slaty shales and hardened sandstones, tale- 
schists, phyllites and mica-schists. Such occurrences as Cardila 
heaummti in Thayetmyo, or of turricone ammonites in Henzada, 
or of Nerinea , Trochalia , Exogyra, Orbitoide s, in the Pakokku dis¬ 
trict do not imply a Cretaceous age for the Axials. All these fossils 
are associated not with rock of Axial type, but with conglomerates 
and coarse sandstone. The Cardila beds are described as shale, but 
a reference to Theobald’s original memoir will show that they are 
closely associated with conglomerate. Moreover rocks of the same 
Danian age as the Cardila beaumonti beds of Thayetmyo undoubtedly 
form the base of the Nummulitic group in the country north of 

A e of Axials Tilin * n nort ^ Pakokku. The turricone am* 

A * eo * monites come from beds definitely placed in 

the basal Nummulitics by Dr. Murray Stuart. The association of 
these fossils with conglomerates, coupled with other indications, 
is best explained by supposng that the Nummulitic group, with its 
Upper Cretaceous base, rests unconformably upon contorted and 
highly disturbed Axials of unknown age. 

The only fossils, then, which are known to occur in the Axials, arc 
the Halobia and Monolii from limestone in Thayetmyo in the same 
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section in the Hlwa stream which yielded the Cardxta beaumonH 
specimens, and again the Globigerina limestone of north Minbu 
described by Mr. Clegg. 

This merely proves that there are Triassic limestones in the 
Axials, but these also may be outliers which have been isotiinally 
folded into the Axials. 

Again there are certain igneous intrusions of poridotite and 
serpentine in the Axials and the Negrais rocks as well as in the rocks 
of the Andaman Islands, and probably some interbedded lavas of 
contemporaneous age. It has been suggested by previous observers 
that the serpentine may be of Cretaceous age, but I sec nothing 
to confirm this view. So far, no sign of ser- 
Sefp * ntfl,e ’ pentine intrusion into the Danian deposits 

along the eastern margin of the Arakan Yoma has been found. 
There is however a very curious sentence in Sir H. H. Hayden's 
report on the Steatite Mines of Minbu district 1 , where he says:— 

1 At about half a mile west of Shauktaung the sandstones are underlain by 
thick bods of very finely laminated dark shale with occasional carbonaceous bands. 
In those shales occur at first uarrcn* bands of sandstone, and beneath these a thick 
bod of groy limestone with nuimnulitea in places ; as a rule however in thiB neigh¬ 
bourhood, the limestones have been altered to such an extent by outbursts of a 
dark groen serpentine that the fossils are unrecognisable.’ 

8ir H. H. Hayden does not say that the outcrop of Numinulitic 
limestone is itself altered bv outbursts of serpentine, but there are 
evidently other limestones in the neighbourhood which have under¬ 
gone considerable alteration. Sir H. H. Hayden was evidently 
inclimnl to correlate the altered Axial limestones with the Num- 
mulitic limestone near Shauktaung. 

A reference to Mr. E. L. O. Clegg’s map of this area 2 shows that 
half a mile west of Shauktaung we are exactly on the boundary of 
the Lower Nummulitic and the Axials. The probability is that 
there are both Axial limestones hero as elsewhere (sec above), and 
also nummulitic limestone in the basal beds of the Nummulitics, 
as at Anyakadin near Saw (see ante), and that the former only are 
affected by serpentine intrusions. 

It is quite impossible to suppose that the serpentine intrusions are 
as late as Eocene, as they nowhere affect Eocene rocks. If then the 

1 Op. ciL, p. 74. 

1 Note on an Overlap in the Ngapo Area, Minbu District, Bee. QeoL Sure. 1*4., 
LXVI, pp. 360-164, and Ft 10, (1933). 
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serpentine intrusions are really pre-Dani&n in age, the correlation 
Aye of the serpentine with serpentines of Baluchistan suggested 
intrusions. by Mr. G. H, Tipper 1 , falls to the ground. 


There are earlier basic intrusions in India than the Deccan trap 
and the serpentines of north-west India. The Rajm%hal traps are 
not newer than Lower Cretaceous, and the Sylhet trap in Assam has 
been proved by Capt. R. W. Palmer 2 to be of pre-Ariyalur age. 
The mica-peridotites of the Bengal coalfields are more likely to be 
comparable in age with the peridotites and serpentines of the 
Yoma than the peridotite3 and serpentines of Baluchistan. 


The question of the age of the Axials is closely linked with the 
similar uncertainty of the age of the Disangs of Assam. 

The age of the Disangs is discussed by Sir H. H. Hayden*, whose 
description shows that these rocks closely resemble the Negrais 
and Axials of Burma, of which they may well 

Aje of Disangs. ^ the northward continuation. He notes that 
in the Lushai hills Mr. T. H. D. La Touche found Cretaceous echi- 
noids in beds similar to the Disangs. Also a fossil echinoid found 
at Lungleh in the Lushai hills and sent to the Geological Survey 
office for determination was referred by Mr. G. !L Tipper to the 
genus Schizaster . 

With regard to the above evidence, it proves too much, for 
Schizaster is a Tertiary genus, abundant in the Oligocene, but the 
Axials are pre-Tertiary; therefore, these fossil occurrences may 
more probably point to the exigence of outliers of Tertiary and 
Cretaceom age folded into the Axials. 

Sir H. H. Hayden himself found a badly preserved ammonite, 
unfortunately unidentifiable, and some poorly preserved plant 
remains, also unidentifiable, in shales at the top of Nangkam hill near 
the Inspection Bungalow. Beds of carbonaceous shale alo were 
found in the Disangs. Although carbonaceous shale has not been 
recorded from the Axials in Pakokku and north Minbu, such shales 
do occur in south Minbu, near Thetkegyin village on the road from 
Pa-aing to the steatite mines. The discovery of an ammonite proves 
the Ifesoaoic age of the rooks containing them, but, nevertheless, 


* Geology of the Andaman Island*; Jfm. OtoL 8%rv. /ad., XXXV, p. SOS, (1911). 

* Geology of the Khasi and Jaintia Hills, Bee, CM, Sun* Ind+ LV, pp. 143*108 
and FI. 977(1921}. 


• XL, pp. 286*288, (1910), 
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it would bo rash to conclude that all that great and monotonous 
series of sub-metamorphosed slaty shales and fine-grain sandstones 
are thetefore of Mesozoic age. 

Sir E. H. Pascoo in his traverse across the Naga hills 1 describes 
similar rocks under the name of Disangs. Talcose phvllites like 
those around Kanpetlet were of common occurrence. He has 
described some interesting intrusions of gabbro, peridotite and 
serpentine. Associated with the Disangs was a conglomerate con¬ 
taining pebbles of serpentine which indicate that the conglomerate 
is of later age than the serpentine intrusions. West of the conglo¬ 
merate lies a broad expanse of Disang beds ; to the east Sir E. H. 
Paseoe found beds very similar to the Disangs, but differing in the 
greater degree of me^amorphism to which they were subjected. 
These last he named the Makwari beds. 

To sum up the evidences of the age of 
Age of Axl« . Axials we have the following facts :— 

i. The presence of conglomerates of age later than the serpen¬ 

tine intrusions; these conglomerates are later than the 
Axials but folded into them. They are unconforniable 
to the Axials in north Minbu. 

ii. An infold of Danian beds (Cardita beaumonti beds) in the 

Thayetmyo Axials. associated with conglomerates. 

iii. Beds of Upper Cretaceous age resting upon Axials in Hen- 

zada and Pakokku. 

»\\ Serpentine and peridotite intrusions of pre-Danian age from 
the Andaman Islands north through the Yoma to the 
Naga hills and the Disangs of Assam. 

v. Undoubted Triassic fossils in Thayetmyo, Glubigcrina Lime¬ 

stone of unknown age in north Minbu. plant remains 
and an unidentified ammonite in Assam. 

vi. An immense extent of monotonous alternating successions 

of slaty shale and fine-grained sandstones, entirely un¬ 
fossil if erous, except for the occurrences mentioned above. 
It must be concluded that the Axials arc probably a complex 
of rocks of varying age, but it is possible that the great bulk of them 
may be pre-Cambrian, or perhaps comparable in age to such groups 
as the Simla slates and the Jaunsar series. The few fossiliferous 
beds seen may represent infolds of rocks of later age, including 
Triassic strata. 


* Of. <*.» XLII, p. 157, (191?). 
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THE LOWER EOCENE AND UPPER CRETACEOUS BEDS. 

The middle portion of sheet 84 K/l is an area of great geological 
interest. The town of Tilin lies in the northern part of sheet 8i K/2 

Maw gravels. °f K/l- Tilin is built upon a 

gravel and sand formation first examined by 
myself, and named the Maw gravels. These gravels and sands 
yielded vertebrate remains which indicated a Lower Siwalik age. 
The vertebrate remains were thus an older fauna than those from 
the Irrawaddy Bandstones, but, being late Miocene, they indicate 
that the deposits are newer than the main mass of the Pegu groups, 
which is largely Oligocene and Lower Miocene. 

These Maw gravels form a syncline the axis of which runs due 
north from Tilin. They rest unconformably upon the Axials to 
the west, and to the east they are underlain by Cretaceous beds, 
but over a distance of about 12 miles along a portion of the eastern 
margin of the outcrop there is a thin strip of Yaw shales intervening 
between the Cretaceous beds and the Maw gravels. 

The Yaw shales are indistinguishable lithologically in the field 
from the Cretaceous shales abutting on them to the east, and the 
geology proved puzzling at first. 

A section through the north of sheet 84 K/l, by Mr. B. B. Gupta, 
is given on Plate 9, Sect. 9. The junction of the Cretaceous 
beds and the Maw gravels is faulted. The 
vtJky^ ****** 01 M * W Cetaceous beds dip eastwards at angles of 
about 45°. To the south the dips are steeper, 
and often vertical. To the west of the strike-fault, a thin belt of 
Yaw shales (Upper Eocene) intervenes between tho Maw gravels, 
and the strike-fault. These beds must be regarded as the normal 
succession below the Maw gravels. Just as the Irrawaddy sand¬ 
stones around Myaing in sheet 84 K/14 are underlain by Yaw shales, 
without the intervention of Pegu strata, so also here t must be 
assumed that there is a stratigraphical gap representing the absence 
of most of the Pegu series between the Maw gravels and the Yaw 
shales. East of the strike-fault the Cretaceous shales abut on the 
Yaw shales, and, as the two formations are lithologically similar, the 

( W ) 
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OrMtoldcf beds. 


wide difference in age would not be suspected. The fossil evidence 
is however decisive. The Yaw shales contain Gosavia humberti 
(d’Arch. & Haime) and Nummulites yatrenses , Cotter, both species 
typical of the Yaw stage, also Opercvlina conalifcra and Geno- 
tia sp. 

In the winter of 1914-15, I found Orbitoides apicvlata, in the 
shales in the base of the Laungshe shale series. Orbitoides apicvlata 
Schlumberger has been recorded by E. Vre- 
denburg 1 from the Hemipneusles beds of Sind, 
which are regarded by him as of Maestrichtian age. 

These Orbitoides beds were discovered in two localities, namely :— 

(1) In the centre of sheet 84 K/2, about 1 mile 3 furlongs south of Aung, where 
the forest-path from Aung to Kyi crosses a stream. The foosiliferous bed is on 
the west of the road, about 50 yards downstream. Here were found Orbitoides 
apiculaia, and broken molluac&n shells. 

(2) A quarter of a mile south of Kunze in the north of sheet 84 K/2, on the 
west bank of the road to Wayinchaing. Hero also Orbitoides apicvlata was found, 
and some poorly preserved, specifically unidentifiable mollusca, apparently of the 
genera Pyrula, Dosinia , Natica. 

It has been mentioned above (page 33) that Orbitoides and 
Exogyra were found in coarse sandstone lesting on Axial rocks on 
the hill-path near Wabotaung in the south-west corner of sheet 
84 K/3. 

In the winter of 1921-22, Mr. B. B. Gupta continued the geo¬ 
logical mapping of the area north of Tilin. Orbitoides apicvlata 
wa8 found in the following localities:— 

(3) About three furlongs S. S. W. of triangular point 1988 in the south of 
shoot 84 K/l, that is about two miles east of mile 104 furlong 4 on the Pakkokku - 
Gangaw road. 

(4) About 7 furlongs W. N. W. of Kyanyin, that is about two and three-quarter 
miles east of mile 110 furlong 4 on the Pakokku-Gangaw road. 

(5) Footpath about one and a half miles south of Yeehin, that is about 
two and a quarter miles east of Aingma near mile 111 on the Pakokku-Gangs w 
road. 

This last locality, which may be called the Yeshin locality, is 
very important. Here two fossil beds were found, one with Orbi- 

-_ _ . toides of Upper Cretaceous age, and a higher 

Raafet Mt ol Y«Un. ^ ^ fauna 

•hales with some subordinate sandstone bands. 


The rocks are 
The two fossil 


* Op. <*., XXXVI, p. 304, (1906). 
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beds are separated by 180 feet of strata. In the lower bed the 
following species were found :— 

Orbitoides apiculata , Schlumb. 

Orbitolina sp. 

Cyprimeria sp. cf. C. analoga t Forbes 

Cinulia sp. 

Roudairia sp. 

In the higher bed the following :— 

Strepsidura indica, C. & P. 

Calyptrophorus indica , C. & P. 

Calyptrophorus hollandi , C. & P. 

Lyria cossmanni , Yred. 

Aihleta eugeniae , Yred. 

Athleta burtoni , Vred. 

Athleta neetlingi, C. & P. 

Drillia jhirakensis, C. & P. 

Murex lyelli, D’Arch. 

Volutilithes sp. cf. cithara , Link. 

Faunus vidcanicus (Schl.) 

Pyrazus pyramidatus (Desk). 

The above list is taken from the General Repoit for 1923 of the 
Geological Survey of India 1 . Of the species listed, the first eight are 
Upper Ranikot species, but it is not possible to be precise about the 
exact horizon. Murex lyelli is perhaps an uncertain identification. 
L. R. Cox (communication by letter) thinks that D’Archiac’s 
original type is a Gaj species, and an mmature specimen. Vreden- 
burg 1 says that its horizon in Sind is unknown. 

The last three identifications recall foreign species, but are not 
known from India. It is interesting, however, to note that Pyrazus 
octogorvus, Cox 3 from the Lower Ranikot of the Hangu shale is a close 
relative of P. pyramidalis. 

There is enough evidence, however, to render quite certain the 
correlation of this horizon with the Ranikot stage of Sind. The 
lower fossil bed with Orbitoides apiculata U also equally certainly 
an Upper Cretaceous horizon, and very probably comparable with 
the Cardita beaumonti beds of Sind. 

• Op. ciL, L VI, p. 43, (1924). 

• Mm. CM. Sure. Jnd. t U Pt. 1, p. 216, (1926). 

• Pat. Ind . ? N. B. f Vd, XV, p. 160, (1930), 
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The section at Yeshin also shows the close connection of this 
Cretaceous horizon with the Lower Eocene, which may perhaps recall 
the similarly close connection of the Cardita beaumonti beds of Sind 
with the Ranikot stage above. It affords evidence that this Creta¬ 
ceous horizon lies not in the Axials, but in the succession o ( shales 
and subordinate sandstones immediately above them, the bulk of 
which are Eocene. 

In the Yeshin stream, about 6 or 7 furlongs south-west of Yeshin, 
the beds are steeply dipping to vertical, and the strike-fault is 
crossed. Yaw shales occur on the other side (west) of the fault, 
and in them, in the stream section, the Yaw stage fossils above- 
mentioned, Nummulites yawensis, Gosavia humberti, Operculina cana- 
lifera , and Genotia sp. were found. 

Another locality where fossils were found in the lower part of 
the Laungshe shales is on the cart-track, about three-quarters of a 
mile south-west of Letpan, a village on the southern margin of 
sheet 84 K/l. Here were specimens of an Orthophragmina resembling 
O. trigonalis , Ch. Risp. This indicates an Eocene age, and shows 
that the Cretaceous base of this suite of rocks is very limited in 
thickness. 

Some three and three-quarter miles to the E. N. E. of the above- 
mentioned village of Letpan, on the path from Kabaungdaw to 
Sinzwe, the Laungshe shales contained the 
UungthesT °* ^ PpCr we ll known Laki zone fossil Nummulites ata - 
cicus, Leym. 

It is clear therefore, that the lower division of the Nummulitic 
group of Burma contains three distinct faunas, viz. :— 

3. Laki or Ypresian. 

2. Ranikot or Thanetian to Montian 

1. Upper Cretaceous, Danian probably. 

All along the foothills of the Arakan Yoma on its eastern flank, 
wherever the Lower Eocene has been examined, it appears to be 
mainly a deposit of shale with subordinate sandstone bands, and 
with conglomerate beds at or near the base in most sections. The 
conglomerates are however inconstant, and die out or attenuate in 
certain areas; in sheet 84 K/3, there is a distinct belt of shales below 
the conglomerates, between them and the Axials. 

These beds were named by me in 1915 the Laungshe shales. 1 
yjiie name was adopted at the suggestion of Mi. H. S. Bion, who 

* toe, Q<*L 8w f. in*, XLV, p. *70, (1915). 

M 
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examined a good section through these shales in the south of 
sheet 84 K/4, in an area where Laungshe is the 
co^lmmt^ r ********* principal village. To the west, in this area, con¬ 
glomerates were developed around the village of 
Swelegyin. I examined under the microscope some sections from 
the conglomerate at Swelegyin, given to me by Mr. H. S. Bion, and 
found them to contain Orthophragmina and small nummulites; the 
conglomerate is therefore Eocene, and newer than the Cretaceous 
beds of Yeshin described above. To the north neai Anyakadin, 
a village close to Saw, there is coarse buff sandstone, but true con¬ 
glomerate was not seen. A limestone in the stream 3 furlongs 
north-west of Anyakadin contained Orthophragminw and small num¬ 
mulites, and, as the Axial boundary lies very close here, the Creta¬ 
ceous beds must be absent from the base of the group. 

The conglomerates of Swelegyin, were shown, as mapping pro¬ 
ceeded, to be developments within the Laungshe shale group. In 
sheet 84 K/3, the conglomerate band dies out in the country north 
of Te, and the lower Laungshes consist of shales with subordinate 
sandstones. In the country to the north, there is no well marked 
belt of conglomerate near the Laungshe base. Both at Anyakadin 
near Saw in sheet 84 K/4, and at Swelegyin in the south the conglo¬ 
merate is demonstrably Eocene, since it contains small Orthophrag - 
minoB. 

In sheet 84 L/l, Mr. Clegg found that the beds at the baae of the 
Eocene group were greatly disturbed. Owing to this, the succes¬ 
sion was not clear. In the south of this 
of “S£**** sheet, about three miles south-west of Longyi, 
a coarse conglomerate unconformably overlies 
the serpentinous agglomerates of the Axial group. This section 
appears to show that the Eocene group rests unconformably upon 
the AxialB. 

Between Longyi and Pani, to the north-west, the Laungshes 
contain soft fawn sandstones with hard g rit ty bands; these beds 
form a distinct hill-range. 

In the north of sheet L/l, near Kyawgyaung, there are conglo¬ 
merates, which are well developed one mile north-west of the village. 
There are also hard sandstones on the site of Mohin deserted village, 
with, to the eastward, shales containing IAthothamnion limestone. 
Although there is no mappable continuous belt of conglomerates 
in this area, the development of conglomerates in the basal Laungshes 
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is quite usual. In sheet 84 L/2, west of Nabedon, in the north of 
the sheet there are grits, with vertical dips, on the Axial-Eocene 
boundary. They are unmetamorphosed, and Mr. Clegg places them 
in the Eocene. Near Dweywa, there is an exposure of sandstones, 
which are succeeded by contorted shales containing huge boulders 
of crystalline limestone and other Axial rocks. Further south, 
conglomerates are again exposed in the Chi chaung near Chiywa, and 
again west of Sidoktaya. 

It is clear from the foregoing account that these conglomerates 
do not form a continuous mappable belt, but are rather developments 

Lower Uutnnbet. within the Laungshe Shale, which tend to 
become conglomeratic near their base. Simi¬ 
lar conglomerates were first described by me near Paunggyi village, 
about three miles S. by E. of Ngape town in the south-west of the 
Minbu district 1 , and the name “ Paunggyi conglomerate ” was 
applied to this horizon in subsequent papers. 2 

It must be recognised, however, that these conglomerates are 
too inconstant to be separated off from the Laungshes as a distinct 
formation. 

Above the conglomerate belt, the Laungshes consist mainly 
of blue shale, very sparsely fossiliferous. In sheets 84 J/8 and K/5, 
Mr. F. W. Walker reports that the boundary 
UppCT between the Tilin sandstones and the Laungshe 
Bhale below is sharp. The Laungshes, he 
says, are composed almost entirely of blue shale, (he speaks of the 
exposures of upper Laungshes in the above-named sheets, and does 
not deal with the basal* beds). These shales are generally thinly 
laminated, but often concretionary. Bands of blue clay are com¬ 
mon. Thin layers of sandstone occur throughout the series, but 
in the upper horizons these amount to several hundred feet in thick¬ 
ness. Tracing them laterally, it was found that they were incon¬ 
stant and passed into shales. One of these sandstone beds is well 
exposed in 4 a stream-bed two miles north-east of Myekmyaung in the 
north-west quadrant of sheet 84 K/5. This bed contained small 
bands of conglomerate in a ferruginous matrix. In the stream that 
runs past Chaing in the north-west corner of the same sheet, purple 
beds resembling the vertebrate-bearing beds of the Pondaung sand¬ 
stones were seen in the Laungshes. 


* Op. ciL, xu. p. ass, <191i). 

*8m Op. e$L, XLV, p. *70, (1915), mod Jo urn. AtiaL Boc. Btmpal, New Ser* 
IV. p. 416,(1918). 
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Mr. Walker proceeds to say that thin layers of selenite are abun¬ 
dant throughout the Laungshes, and traces of fragmentary and 
unidentifiable fossil plants were found. Owing to the soft nature 
of the beds, local contortion is very common. There may be some 
slight reduplication of the beds, due to this, but no general fold 
structure was found, such as might cause extensive reduplication. 

Mr. B. B. Gupta, who mapped sheets 84 J/4 and K/l, gives a 
somewhat similar account of the Laungshes. The basal beds des¬ 
cribed by him have already been dealt with above. He notes the 
presence of selenite in both sheets, the frequency of minor faults 
and local crumpling. There are lenticular bands of limestone in the 
Laungshes near Kyaukku in sheet 84 J/4. There is a synclinal fold 
in the Laungshes in the south of J/4, about long. 94° 12'. 

Laki fossils in Mr. Gupta found Nummuliles alacicus in 
Lantigshcs. the Laungshes in the following localities:— 

(1) 5 miles north-east of Myaukkon. Myaukkon is a village 

little over a mile north of Gangaw town in sheet 84 J/4. 

(2) 7 miles E. N. E. of Minywa, which village is at the 128th 

milestone on the Pakokku-Gangaw road, in the south 
of sheet 84 J/4. 

(3) 1 mile, 3 furlongs north-west of Kabaungdaw, a village in 

the south-east corner of sheet 84 K/l. With the num- 
mulites from this locality were found some mollusca 
provisionally identified as Protooardium sp., and Mytilus sp. 

In the north of sheet 84 K/4, near the top of the Laungshes, 
Mr. Clegg reports the occurrence of Nummuliles alacicus and Oper- 
culina canaUfera from a section in the Kyein chaung. 

The occurrence of Nummulites alacicus in rocks of similar age has 
been records by Mr. G. H. Tipper in his memoir on the Andaman 
Islands 1 , and I have elsewhere 1 noted that both Mr. P. N. Datta 

and Mr. Sethu Rama Rau found specimens of this fossil in the lower 

Eocene of the Thayetmyo district. 

The thickness of the Laungshe shales including the conglo¬ 
meratic zone near the base is impossible to estimate accurately 
owing to the frequent faulting and minor fold¬ 
ing. In a previous paper 3 , I estimated the 
thickness as follows:— 

(1) Paunggyi coagloamale soae . . 2,000 to 4,000 ft. 

(2) Lftnngsbo abtlM, above conglomerate . . 9,000 to 12>000 ft. 

* Mm*. CM. Swv. Ind.fXXXV, Pt, 4, p. 6, (1911). 

* Bm. CM. 9m*. I*d^XL\ p. 882, (19 fo). 

* Jam*. AsksU Boc. Bmgd* Mew 8er^ XIV, p. 415, (1918), 



CHAPTER V. 


THE TILIN SANDSTONES. 


The Tilin sandstones were first examined and described by me 
in field-season 1913-14. They were first observed between mile¬ 
stones 75 and 81 on the Pakokku-Tilin road, 
ViriaHon in thickness. and form a fairly constant sandstone belt in 
this area, underlying the Tabyin clays, and 
overlying the Laungshe shales. They vary in thickness, however, 
t hinnin g out considerably to the north, and thickening somewhat 
in the area immediately south of the road-section. They are still 
a fairly well marked belt as far south as Saw and east of Longyi, 
but they taper out again as we approach Sidoktaya, and in the 
country south of Sidoktaya, which lies outside the area dealt with in 
this memoir, they become inconstant, and are absent in some sections. 

The Tilin sandstones are sparsely fossiliferous. On the road 
from Pauk to Yawmyo, between the 31st and 32nd mile, I found 
^ two fossil beds from which Mr. S. Sethu Rama 

Rau collected some small nummulites, an Am- 
pullina , and a VoluiUithes. These were not identified with any known 
Indian species. 

In the south of sheet 84 K/3, between Hnetchaung and Kachaung, 
only thin beds of sandstone intercalated with shale were seen on the 
strike of the Tilin sandstone. But there were not njany exposures 
along the section, owing to heavy forest and some stretches of allu¬ 
vium. It may also be noted that the Tilins are not entirely sand¬ 
stone, but predominantly a sandstone formation, and that exposures 
on high ground give a false impression of the proportion of sandstone 
to shale, by reason of the concealment, as a rule, of thin shale beds 
in debris and earth, while the harder sandstones outcrop frequently. 
In the Saw river section, massive Tilin sandstones are seen west of 
Pole, (a village about three miles east of Saw). 

Ma king allowances for the obscurity of sections through these 
sandstones, owing to forest and lack of clear exposures, the impres- 


Utcrsl nriatkm. 


aion still remains that these sandstones vary 
considerably laterally, being alternations of 


sandstone and shale in the area between Hnetchaung and Kachaung, 


bat fairly massive elsewhere. 


( u ) 
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In the road-section mentioned above, between the 76th and 81st 
milestone, (Pakokku-Tilin road), the horizon is well marked and the 
sandstones are at least 6,000 feet thick. In this area the upper 
zones of the sandstones have a very freshwater appearance, and 
contain abundant silicified wood. Red earth and gravel beds occur 
also. West of Yedu, a village near mile 71 on the above mentioned 
road, the sandstones contain grains of felspar and some chalcedony, 
and are possibly ashy. Their general colour is greenish buff, and 
the sandstones vary from coarse to fine grain. 

In sheet 84 K/5, which area was mapped by Capt. F. W. Walker, 
the average thickness was estimated as 3,300 feet. The upper 
boundary between the Tilins and the Tabyin 
4,10 Sy ’ clays was sharply defined. The sandstones of 

this area are fine-grained and compact, in fairly thick layers and 
with numerous joint-planes. They have a greenish tinge, in this 
respect resembling the Pondaung sandstones, and they have subor¬ 
dinate bands of shale interbedded. These shale intercalations are 
more frequent in the south of the sheet near Sobya. The formation 
forms a minor swelling on the western side of the Ponyadaung range, 
and the thickness is fairly constant, except in the south near Sobya, 
where the sandstones thicken. 

Capt. Walker found a fairly constant fossil band in sheet 84 K/5, 
but the band was not found in the sheet to the north (84 J/8). The 
following is a list of the fossils collected by 
' ' Capt. Walker, and the identifications are 

his:— 


List of Fossils collected by F. W. Walker from the Tilin sandstones, 
(season H22-23). 



Identifications. 


OeritAeum sp.. Area sp., TeUina 
sp. 

2) CeritAeum, Area, Natica, AtA- 
Uta, Mtira, Bryoaoaxu. 
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List of Fossils collected by F. W. Walker from the Tilin Sandstones, 
(season 1922-23 )—contcL 


Bw, No. In 
G. S. I. 
collections. 

Locality. 

! 

Identifications. 

K22/335 

(4) Tin chaung, 3 furs, west of 30 ! 
feet waterfall. 

(4) Pectunculus, SerraticerUhcum 

cf. blainviUei Deeh., CrassateUa. 

K22/336 

(5) Tin chaung, 160 yds. south¬ 
west of above. 

(6) Ampullina, Area, TurrUeUa, 
? Nerita. 

K22/337 

(6) Tin chaung, 60 yds. west of 
above. 

(8) Area , Vdutospina, Corbvla cf. 
ficus Brander, CerUhcum, Mare - 
triz, Pcciunculus, Conus. 

K 22/338 

(7) Tin chaung 300 yds. west of 
above. 

(7) TurrUeUa, CerUhcum. 

K22/339 

(8) Hnyinsauk chaung, 1 ml. 7 furs, 
east of Shawbyubin. 

(8) CrassateUa, Natica, Ostraea 
TurrUeUa, Area, Oliva, Ceri- 
theum cf. labiatum Desh. 

K22/340 

(9) She chaung, 100 yds. north of 
point 1643. 

(9) Natica, Area, Mitra . 

K22/342 

(10) Myekmyaung chaung, 3 mis. 
E. 16°N. of Myekmyaung. 

(10) CerUhcum, Natica. 

K22/341 

(11) Yebok chaung, 3 furs, east of 
Forest Reserve. 

(11) CerUhcum, TurrUeUa, Plev- 
rotomaria. 

K22/343 

(12) Chaing chaung, 1$ mis. E.N.E. 
of Chaing. 

(12) TurrUeUa, CerUhcum, MUra. 


In the absence of specific identifications, it is impossible to discuss 
the age of this fauna which, however, is obviously of Eocene affinities. 

In sheet 84 K/5, Mr. B. B. Gupta found an Ostrwa in the Tilin 
sandstones about f mile east of Sobya. This species was closely 
allied to 0. beUovacina . 

In a locality miles E. S. E. of Shawbyubin, Mr. Gupta found 
the following :—Anemia striata , Velates sp., AnciUa sp., The Tilin 
sandstones of this area were of similar appearance to those described 
above. In sheet 84 J/4, Mr. Gupta found some hot springs in the 
Tilin sandstones north-east and south-east of Kunze. 

The country south of Saw was mapped by Mr. E. L. G. Clegg. 
He found that the Tilin sandstones contained a middle shaly belt, 
with massive sandstone above and below. East of Thigon (a village 
some two miles Bouth of Saw), Mr. Clegg describes the Tilins as 
consisting of two main bands of sandstones, themselves being 
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alternate massive bluish and laminated fawn-coloured bands, sepa¬ 
rated by a thick belt of shales. The lower sandstone band contained 
a fossil bed crowded with AmpuUina. 

About 3 furlongs N. W. by N. from Kyaukmyaung rest-house, 
which lies some four miles south-east of Saw, Mr. Clegg found in the 
Tilins the following fossils :— 

Area (Ncetia) pondaungensis , Cotter. 

Corbula semitorta , Bottger. 

Axinea of. puruensis , Martin. 

Melania sp. 

Athleta sp. 

Cardita sp. 

Mactra sp. 

In sheet 84 L/l, the Tilins show the same tripartite division into 
upper sandstones, middle shaly belt, and lower sandstones. The 
middle shaly belt is well exposed under Thangyin village on the 
south margin of sheet 84 K/4, and south-east of Magyizu in the north 
of 84 L/l. The upper sandstone band grades into coarse sandstones 
with conglomerates. 

About the centre of 84 L/l, there is a village named Kyauk-a. 
South of this village a long ridge of sandstone with pronounced 
westerly scarp runs in a S. S. E. direction to 
MlnbiH* °* n ° rth Kwemalaung village, (about the middle of the 
eastern margin of 84 L/2). Here the Ti stream 
breaks through, but the ridge still continues in a southerly direction 
on the western margin of 84 L/6 to a point about six miles north of 
Sidoktaya. This ridge in the neighbourhood of Kyauk-kok con¬ 
sists of a lower massive sandstone belt overlain by alternating sand¬ 
stones and shales. 

In a traverse from Peinchaung to Onwa in the south of 84 L/l, 
the sandstone scarp of the Tilins rises to a height of 3,100 feet. 
West of Onwa, conglomerates were seen and there was much con¬ 
tortion. West of the Tilins, the Laungshe shales are much squeezed 
and broken. 

In sheet 84 L/l, Mr. Clegg has shown the Tilins to be reduplicated 
in echelon fashion by two strike faults running S. S. E. To the 
south of this reduplicated belt, they thin out regularly, becoming 
an inconspicuous band in the south-eastern corner of 84 L/2 near 
Sidoktaya. In the country west of Tilin, the thickness of the 
formation is very variable, from 2,000 to 5,000 feet. 



CHAPTER VI. 


Lithology. 


THE|TABYIN CLAYS. 

The name ‘Tabyin clay * was first given by me to the clays 
underlying the Pondaung sandstone in south Pakokku. The name 
is taken from the village of Tabyin, a village about 13 miles due west 
of Pauk, which lies on these clays. 1 

As exposed near Tabyin, these clays are rather darker in colour 
than the Yaw shales [see below), being a dark indigo blue, clunchy, 
full of carbonaceous markings and of tiny 
brown specks of lignite. They often show con¬ 
centric weathering. Interatratified with them are layers of grey 
fine-grained sandstone, with occasional patches of pebbles, and 
usually in thin flat layers. The exposures show much disturbance, 
due to the overriding of the massive Pondaung sandstones above 
them. Neither the upper nor the lower boundaries are very clearly 
defined ; the upper boundary certainly shows a gradual passage into 
the Pondaung sandstones. 

Very few fossils were found in these clays. On the south bank 
of the Yaw river, near Myaukma Kyin, a village 7 miles S. S. E. of 
Tabyin, Mr. G. H. Tipper found a nummulite, which I identified a 
N. vredenburgi , Prever. W. L. F. Nuttall regards this species as 
identical with N . oculus , Sow.* It is found 
in India in the middle Khirthar. This species 
gives us a valuable hint of the correlation of the Tabyin clays with 
the Eocene rocks of north-west India. 

Opposite Nyaungkan, on the Yaw river, 9 miles N. N. E. of Saw, 
I found some friable specimens of Area (Ndetia) pondaungensis , 
Cotter, a species of common occurrence in the beds above. 

Microscope sections of the sandstone intercalations in the Tabyin 
clay near Myaukma Kyin showed that they contain ash. 

Capt. F. W. Walker, in his report on sheet 84 K/5, says that the 
passage from the Pondaung sandstone to the Tabyin clay is gradual. 

Tracing the Pondaungs downwards, he observed 
first a belt of shales and clay containing 


Fossils. 


Upper boundary. 


igae Ike. GfoL Surv . I*d XUV, p. 164, (1914); XLV, p. 270, (1915); Jour*. 
Amat. Boc. JSsupof, New Ser., XIV, p. 415, (1918). 

• Bee, <M. Surv. Ind^ LIX., pp. 126, 153, (1925), 

( 49 ) 
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traces of oo&l; then a prominant band of hard sandstones, and 
below these the characteristic rooks of the Tabyins. These, he 
describes as greyish bine shales and clays, which predominate and 
somewhat resemble the Yaw shales. A thin laminated variety is 
common, but in other sections the clay is rubbly. Thin bands of 
hard compact sandstone, which occur regularly throughout the 
formation, help to distinguish it from the Yaws. In some outcrops 
sandstones are as prevalent as shales, but generally they are subor¬ 
dinate. Outcrops of blue clay which weathers into a soft mud are 
frequently seen; also a few thin layers of septarial matter. Thin 
seams of coal characterise the Tabyins of this area, up to a maximum 
of 18 inches thick. The formation weathers quickly, owing to the 
soft character of the beds, and, where it has been subjected to pres¬ 
sure, shows much contortion and irregularity. Except for a few 
poorly preserved lamellibranchs, not specifically identifiable, the 
formation is barren of fossils. 

Mr. B. B. Gupta notes that, in sheet 84 K/5, the Tabyins are 
more arenaceous than in the country to the south. Capt. Walker 
. . estimates the thickness of the Tabyins as 4,000 
Chtll * ci feet. In the country to the south, I suggested 

a thickness of 5,000 feet. Mr. E. L. G. Clegg, who mapped 
sheets 84 L/l, L/2, and the western margins of 84 L/6, and L/7, 
and parts of 84 K/4, notes that the Tabyins are typically blue 
shales, reinforced by occasional thin bands of sandstone and thin 
lenticles of limestone. The blue shales are very fine-grained, and show 
much contortion. No fossils were found. Owing to the contortion, 
the thickness could not be estimated. Mr. Clegg notes that the 
Pondaung-Tabyin boundary cannot be mapped with any great 


precision. 

In the country mapped by myself and Capt. F. W. Walker, 
there are several oil-seepages and gas-pools in the Tabyins. These 
will be dealt with in the economic chapter, (see page 127). 

Generally, the formation is a clay one with sandstone reinforce¬ 
ments, showing a more arenaceous character as it is traced north¬ 
wards; the thickness is variable, around 4,000 feet. Its age is 
probably middle Khirthar, since N. aoutui characterises the lower 
part of the middle Khirthar. In European terminology, the age is 
Lutetian. 



CHAPTER VII. 


THE PONDAUNQ SANDSTONES. 

The formations hitherto described have been sparsely fossili- 
ferous, and, with the exception of the very interesting faunae of 

IntrcHfarttoii. Oardita beaumonti and of Ranikot age, there 
have been few guides to indicate the exact 
age. Nevertheless, Nummulites atacieus and N . acutus have been 
found in horizons where we might have expected them to occur. 
But on the whole the rocks below the Pondaungs lack the interest 
which a rich fauna gives. Although it must not be supposed that 
the Pondaungs themselves are rich in fossils, yet they have yielded 
a mammalian fauna of great importance to palaeontology. These 
mammalian fossils were the first of their kind to be collected from 
Asiatic deposits, but they have now been overshadowed by the 
richer and more extensive fauna of Mongolia. Burma has, however, 
the distinction of having first given to science these fossil mammals 
from Asia. 

The name ‘ Pondaung sandstones * was first adopted by me 1 to 
designate the formation, mainly sandstone, lying between the Yaw 
shales above, and the Tabyin clay below. Previous observers of 
the Yaw river section had imagined, from the lithological resem¬ 
blance to the lower Pegus of north Minbu, that these rocks were 
to be correlated with the basal beds of the Pegu series. I proved, 
however, in the paper above-quoted and in subsequent papers, that 
the age of the Yaw shale above was Upper Eocene and that, in 
consequence, the Pondaung sandstones must also fall in the Eocene. 
This view has since been confirmed by Dr. Pilgrim and others who 
have examined the mammalian fauna. 

The doubts which at first were entertained regarding the exact 
correlation of these beds with those of the Minbu district were due 
to the fact that the intervening country had not been mapped, and 
that the fauna of the Pondaungs was unknown, and that of the 


i8**R*r. QtoL Swrv. ImL, XUV, p. 164, (1914). 
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Yaw Bhale very imperfectly studied. But shortly after my study 
of the Yaw river section, my colleague, Mr. H. S. Bion, mapped 
the country between north Minbu and the Yaw river, and confirmed 
my opinion that the Yaw shales were to be correlated with the 
Velates beds of Minbu, and that the Pondaung sandstone corres¬ 
ponded with the main sandstones of the Nwamataung. 

It will be seen from an examination of the map, that, while the 
formations hitherto described, (Laungshes, Tilins, Tabyins) occur 
only in the foothills of the Yoma and Chin 
« on. Hills, the Pondaung sandstone and Yaw shales, 
besides their outcrops in the western tract, cover a wide area in 
the uplands north-west of Myaing. It is this latter tract which has 
produced the bulk of the vertebrate fauna of the Pondaungs; the 
Pondaungs of the Pondaung range west of Pauk appear to be barren 
of vertebrate fossils, but contain a few lamellibranchs. 


The facies of the formation in the Pondaung range is thus rather 
different from that of the upland tract north-west of Myaing, and 
it will be best to treat the two areas sepa¬ 
rately. 


Two fades. 


The Pondaung sandstones form the main formation which builds 
the Nwamataung range in north Minbu, the Yeyodaung and Dudaw- 
taung on the borders of Minbu and Pakokku, and the Pondaung 
and Ponnyadaung ranges of Pakokku and Lower Chindwin. 


In these hills, the PondauDgs are generally coarse, often current- 
bedded, sandstones, with fossil wood and occasional bands of shale, 
which become more and more frequent towards the base of the 
stage, thus forming a passage into the Tabyin clay below. They 
contain strings and thin seams of coal, which are of no economic 
value. There are several outcrops of oil-sand and seepages of oil 
and of gas, which will be more fully described in the chapter on 
economic geology, (see page 129). 


In the country around and to the immediate north of the Yaw 
river, the Pondaungs vary very much in thickness. In the section 
through Kyauktaga village westward in the north of sheet 84 K/6, 
they are about 5,500 feet thick; along the road from Pauk to Paaok, 
they are reduced to 3,500 feet, while in sheet 84 K/6, they sweij 
out to nearly 8,000 feet* 
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In this tract, a few fossil beds were found, but only the following 
species have been identified 1 :— 

Area (Noetid) pondaungensis , Cotter, from the top of the 
Pondaung range west of Kyauktaga. This species occurs 
Fotsib of marine also north of Chaungbyu village in 
fade*. Minbu district at a similar horizon. 1 

Corbula daltoni , Cotter, from a fossil bed \ mile south-east of 

Anein village in sheet 84 K/3. Also recorded under the 
name C. harpa , D’Areh. and Haime, by L. V. Dalton 
from south Minbu. 1 

Alectryonia neutoni , Dalton, in Pakokku from the same bed 
near Anein as the preceding species. Also recorded by 
L. V. Dalton from rocks of similar age in south Minbu. 

Scanty as the fauna is, there is some evidence for a correlation 

with the beds below the Velates horizon in Bouth Minbu, and the 
relationships of the species are Eocene. 

Although the lower boundary of the Pondaungs is vague and the 
passage to the Tabyins gradual, the upper boundary between the 

Bound Aries. Yaw shale and the Pondaungs is sharply 

defined in the country west of Pauk. 

In the country to the north (sheet 84 K/5), which was mapped 
by Capt. F. W. Walker, there is the same quick passage from the 
Yaws to the Pondaungs. Capt. Walker states that the formation 
is about 7,000 feet thick. In the valley of the Kyaw river, there 
are seams of coal in the Yaws near the junction with the Pondaungs. 
In the Khodaung syncline in the south of 84 J/8, the boundary is 
marked by laterite six inches thick. This he thinks to be an old 
land surface. 

The formation, he says, is almost entirely composed of massive 

quartz sandstones, brown on the weathered surface, but of a greenish 

tint in fresh stream sections. Near the top 
Freshwater fades. Qf ^ fairly thick belt o{ 

purple clays occur, while another similar belt, but neither so thick 
nor so regular, was observed further down. These beds are of 
special interest, since they contain vertebrate remains. It is to be 
noted that these beds do not occur in the country west of Pauk, 
where the facies is of a shallow water but marine type. In the 

1 The LameUibranohiata of the Eooene of Burma, PaL IncL , N. &, Vol. VII, Hem. 
No, *, p. 20, (1022). 

• The Pegu-Eooene Snoot—ten in the Minbu district near Ngape, Bee. OtcL Sun* 
Ind., HI, p. 227, (1212). 

• L. V. Pahoo, * Geology of Burma' { Quart. Jowrn* CM. Soo., LXTV, p. 227, (1208). 


Freshwater fades. 
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Khodaung tract, where the dip is low, a large area of the bed 
becomes exposed. As the softer material is washed away, the hard 
fossils remain upon the surface. The only identifiable vertebrates 
from this tract were collected near Kyawdaw village in 84 J/8. 

In this tract, thin conglomerate bands occur, in which quarts 
pebbles abound, but there are also pebbles of sandstone, serpentine and 
mudstone. Near the base, one of these bands seems fairly constant. 
The strata are regularly bedded with little current-bedding. Capt. 
Walker also found a few badly preserved shells in sheet 84 K/5 near 
the junction of the Kyin and Ktaw streams. Fossil wood, he 
observes, is found throughout the Pondaungs, but tends to be carbo¬ 
nised in the lower, and silicified in the upper horizons. 

No change of facies was seen in the main range of the Pondaung 
and Ponyadaung, and the purple clays with vertebrates seemed to be 
confined mainly to the Khodaung synclinal area. 

Some gas seepages were observed. 

In the country north of Sidoktaya, Mr. E. L. G. Clegg describes 
the Pondaungs as a series of false-bedded fawn to blueish sandstones. 
Marine faciei of a ^ oufc 1>&00 to 2,000 feet thick. These sand- 
Pondaungi in north stones, he says, are devoid of any distinct 
fauna, but contain silicified fossil wood 
towards the base. To the south they become less massive, and 
here there are some fragmentary fossil bands in which occur a large 
AmpuUina which ranges up into the Yaw stage above, and an 
Ostrcea. 

From the latitude of Saw southwards, the Pondaungs thin out 
rapidly, so that the thickness given by Mr. Clegg as a maximum 
for the country around Sidoktaya (1,500—2,000 ft.) is very much 
less than the thickness west of Pauk and east of Tilin. 


Turning now to the uplands north-west of Myaing, we encounter 
a facies of the Pondaungs very different from that of the ranges to 


Freshwater facies. 


the west. North of Myaing, the upper 
Pondaungs are sandstones interstratified with 


very abundant beds of highly coloured earths. In many exposures 
one observes successive beds of cherry-red, bright buff, and cream- 


white earths interstratified with brown or buff sandstones. The 


basal beds are very coarse conglomerates and boulder beds, with 
boulders of altered dolerite, gneiss, and schist. 


Mr. B. B. Gupta observed similar rooks in the formation in sheet 
84 K/9. He found an ironstone bed near the top of the Pondaungs 
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near Konywa, and several bands of selenite. There were earthy 
beds in cherry-red, chocolate, brown, cream, and ashy grey colour; 
these were highly arenaceous, with much ferruginous matter. The 
conglomerates of the lower Pondaungs contained pebbles and 
boulders of granite, diorite, quartz-augite rock, rhyolite, trachyte, 
jwrphyry, porphyrite, quartzite, jaapideous rock, etc. 

As has been observed above, the earthy beds contain vertebrate 
remains. The first discovery of these fossils was made by myself 
in 1914, 1 and the fauna was described by Dr. G. E. Pilgrim and 
myself in 1916 in a subsequent paper and, 
fJEST after further collections had been made in 

subsequent years by Mr. B. B. Gupta and Mr. 
H. M. Labiri, two further monographs, which were published in 
1925 and 1928, appeared in the Paleontclogia Indioa from the pen 
of Dr. Pilgrim upon the same subject. 1 

In my original collection, 95 per cent, of the specimens collected 
belonged to the AnthracotheriidcB, and similar proportions were to 
be observed in the subsequent collections of Mr. B. B. Gupta and 
Mr. H. M. Lahiri. In this respect the fauna resembles that of the 
Bugti hills in Baluchistan, which shows a similar preponderance 
of the same family. 

The following is a list of the species found. 

Titanothcriidce — 

Sivatitanojos coiteri. Pilgrim. 

Sivatitanops birmanicum , Pilgrim and Cotter. 

Sivatitanops rugosxdens , Pilgrim. 

Eotitanotherium lahirii , Pilgrim. 

AmynodontidcB — 

Metamynodon ootieri , Pilgrim. 

Metamynodon birmanicus , Pilgrim and Cotter. 

Tapiridw — 

Inddophus guptai , Pilgrim. 

Chasmotherium birmanicum , Pilgrim. 

AnthracotheriidcB — 

Antkracokus charoides , Pilgrim and Cotter, 

Anthracothema pangan , Pilgrim and Cotter. 

1 Mm* OmL 3mro. /*&, XLV, p. 107, (1816). 

1 Bern* Nowtor Dmmm m d Bmom Maaaik from Burma, Op. r*t, XLVli, p. 42, 
(iM). Tha Pmtaaodaotjla of tha Eooeee of Burma, Pal. /*&, N. S. v Vd. VTO, Mem. 
No. S, (1026). Tha Artfodaotyla of the Booaoe of Burma, Of, oil,, N. VoL XHL, 

r 
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Anthracothema rubriccB , Pilgrim and Cotter. 

ArUhracothema palustre, Pilgrim and Cotter. 

Anthracothema crassum, Pilgrim and Cotter. 

Anthracoheryx birmanicus , Pilgrim and Cotter. 

AtUhracokeryx ulnifer , Pilgrim. 

AtUhracokeryx bathbusas , Pilgrim. 

AtUhracokeryx hospes, Pilgrim. 

AtUhracokeryx myaingensis , Pilgrim. 

AtUhracokeryx moriturus , Pilgrim. 

AtUhracokeryx (1) lahirii , Pilgrim. 

Tragulidw — 

Indomeryx cotteri , Pilgrim. 

Indomeryx arena, Pilgrim. 

Primates — 

Pondaungia cotteri , Pilgrim. 1 

As will be seen from the above list, the genera, with the excep¬ 
tion of Eotitanotherium, Metamynodon , and Ohasmothrrium , are new, 

A c of Pondaun a aQ d ^ would be difficult, therefore, on the 

«o on aungt. evidence of the fauna alone to be precise about 

the age. We, however, know that the Pondaung sandstone is later 
than the Nummidites vredenburgi ( N . actttus) zone, that is, later 
than the * B * division of the Middle Khirthar in the succession of 
north-west India. It is also older than the Yaw stage, which is 
equivalent to the Nanggulan stage of Java, and which is not 
represented by fossiliferous beds in north-west India. It will be 
seen that on external evidence the Pondaung sandstones fall between 
the Lutetian and the Ludian. 


In considering the internal evidence of age, since all the species 
and most of the genera are new, we have to rely upon the general 
relationships and position in the evolutionary scale of the species 
described. While there is evidence according to Dr. Pilgrim that 
the fauna is more progressive than that of the Bridget beds of North 
America or the Irdin Manha formation of Mongolia, it is also notice¬ 
able that the anthracotheroids are more primitive than those of 
the Lower Oligocene of Egypt. The fauna is therefore later than 
Middle Eocene, and at least as old as Bartonian. 

The titanothere genus Sivatitamops, according to Pilgrim! is to 
be distinguished from the Oligocene TUanotherUnas by the strong 


1 Described la PrL Ini^ & a, Yol XIV, p. 13, (1337), 



PONDAUNG 8AND8TONES. 


57 


development of the incisors, which have degenerated in the Oligo- 
cene family. Dr. Pilgrim thinks it to be a descendant of an early 
Eocene species of PakBosyops, and he regards it as in a stage of deve¬ 
lopment very similar to that of such Upper Eocene genera Tebna- 
therium and Dolichorhinus. 

The species Eotitanotherium lahirii is compared with E. osbomi 
Peterson from the Uinta B. 2 zone (Ludian) of the North American 
succession. 

The Burmese amynodont Melamynodon cotteri is referred to 
the more typically Oligocene genus Melamynodon, which is found in 
the White River formation of North America. It is, however, 
Dr. Pilgrim tells us, a much more primitive form than M. planifrons 
by reason of the greater facial skull-length, the erect canines, and 
the larger incisors. 

The tapiroid genus Indolophus appears to have as its nearest 
relative the Uinta genus Isectolophus , and the European Eocene 
genus Lophiodon. 

The species referred somewhat doubtfully to Chasmotherium has 
an apparently near relation in C. cartieri from the Middle Eocene of 
Switzerland. 

The Pondaung anthraeotheres, Dr. Pilgrim observes, are the 
most primitive types known of this family. There are no typical 
anthraeotheres in the Irdin Manha beds of 

*.m TAtviberes. Mongolia nor do the Ardyn Gobo beds above 

the Irdin Manha formation in Mongolia contain any certain members 
of the family. The extraordinary predominance of anthraeotheres 
gives the fauna a pecular character which differentiates it at once 
from any other fauna of like age. But in this respect it shows some 
resemblance to the fauna of the Lower Oligocene of Egypt and the 
Bugti beds of Baluchistan. 

When compared with the later forms from Egypt and Balu¬ 
chistan, the Pondaung anthraeotheres exhibit primitive characters 
viz,, five cusps in the upper molars, long premolar series in several 
species, bunodont structure and absence of parastyle and metastyle 
in some species. 

In summing up the evidenoe, Dr. Pilgrim says:— 

* The Artiodactyls of the Eooene are invariably generalised forms; at this 
stags the characters which distin guish the various in later epochs axe either 

undifferentiated or are in «aoh an early condition of development that they an 
unrecognisable or at any rate their significance ia obscure.’ 
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The follow! eg is a list of localities where fossils are found:— 
Sheet 84 K/14. 

Foull localUfct. (1) 6 ^ 8 ° E ’ ^ B ' ° f LU ' ^ 

Metamynodon birmanicus. 

(2) 6J furs. 9° W. by S. of Myaing kill— 

Simtitanops cotteri. 

Metamynodon birmanicus . 

Anthracothema pangan. 

(3) 3 furs, north-west of Tkan-u-daw, 

Anthracothema pangan. 

Anthracokeryx myaing ensis. 

Anthracokeryx (?) lahirii. 

Tragulid , gen. and sp. indet. 

(4) £ mile W. 8. W. of Pangan. 

Anthracokeryx moriturus. 

(5) £ mile west of Pangan. 

Pondaungia cotteri . 

Sivatitanops cotteri. 

Anthracokeryx moriturus . 

Anthracokeryx tUnifer. 

Anthracokeryx birmanicus. 

Indomeryx arena. 

Sheet 84 K/10. 

(6) 1 mile west of Bahin. 

Sivatitanops cotteri . 

Sheet 84 K/9. 

(7) 1£ miles west of Mindezu. 

Metamynodon cotteri . 

(8) 1J miles west of Mindezu. 

Anthracokeryx ulnifer. 

(9) 1 mile E. 8. E. of Sinzwe. 

Sivatitanops rugotidens . 

Indomeryx cotteri . 

(10) l£ miles south-west of Thadut. 

Chasmotkermm bimanicum. 

(11) | mile north-east of Kyawyaw, lying on Yaw bed* 

Siv atit anop s binmm i cmu 
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(12) lj miles north of Konywa. 

Indotophus guptai . 

(13) 1J miles west’of Mogaung. 

Sivatitanopx cotteri. 

In 1922, Dr. Bamum Brown collected specimens from the 
Pondaung sandstone on behalf of the American Museum of Natural 
History. 



CHAPTER VIII. 


THE YAW SHALES, 


The name 4 Yaw stage ’ was given by me 1 in a former paper to 
the shale group which overlies the Pondaung sandstones in south 
Pakokku, and which was first studied in the 
‘ mro mmrys Yaw river section. The thickness of the 
formation was estimated at from 1,600 to 2,000 feet. In the Yaw 
river section, they are a belt of soft blue shales, without much inter- 
bedded sandstones, and occupying long valleys or areas of low relief 
between the sandstones above and below. The lower boundary 
is sharp, and there is a sudden transition from the Yaw shale to 
massive Pondaung sandstone. Along the upper boundary there is 
a more gradual transition, the shales pass upwards into alternate 
strata of shale and sandstone, and these in turn into the more massive 
sandstones of the basal Pegu series. There is no evidence of any 
unconformity between the Yaw shale and the basal Pegus. The 
whole series of Yaw Bhales is richly fossiliferous. 

In the country to the north-west of Pauk (sheet 84 K/7) the 
alternates of shale and sandstone which form the basal beds of the 
Pegus in the Yaw river section, have become massive sandstones, 
so that the boundary between the Pegus and 
the Yaws is here sharply defined. In the 
north of this sheet near Daungtaik, the Yaws contain gypsum, and 
the facies is more that of a shallow water deposit. Fossils in this 
area are broken and badly preserved, and no nummulites were found, 
although they abound in the country near the Yaw river. In this 
Yaw river section, the Yaws oonsist of blue shales with occasional 
bands of limestone and of calcareous sandstone. There is a strong 
lithological resemblence to the Padaung clays of the Ngahlaingdwin 
area in north Minbu, and of the Man river near Ngape in south Minbu, 
but the Padaung c T ays are Chattian, while the Yaws are Priabonian 
in age. 

In sheet 84 K/8, Capt. F. W. Walker describee the Yaws 
as consisting for the most part of bluish gray shale, composed of 


Lithology. 


1 Mte* QtoL £«r». 2nd XLIV, p. 62, (1914). 

( » ) 
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fine argillaceous matter which weathers to a soft clay. A few 
Yaw* •! north thin bands of sandstone are found in the lower 
Pakokku. part of the formation. More noticeable are 

certain bands of shelly conglomerate about six inches thick, which 
owing to the much slower rate of weathering, Btand out conspicu¬ 
ously from the shale. In these shelly bands the majority of the 
fossils collected by Capt. Walker occurred. Calcareous bands show¬ 
ing cone-in-cone structure are occasionally found, and also brownish 
bands of septarial matter. Close to the base of the formation there 
are bands of impure coal or carbonaceous shale, usually only a few 
inches thick, and which are very constant, for min g a regular out¬ 
crop. In the south part of the sheet the Yaws are fairly rich in 
fossils. North of lat. 22°, the shelly conglomerate bands fail, and 
in the sheet to the north (84 J/8) the few fossils found in the shale are 
badly preserved. The Yaws attenuate considerably as they are 
traced northwards. A bed containing fish remains was seen by 
Capt. Walker in several sections near the base of the Yaws. The 
best section is one near Kanthet (84 J/8). 

Step faulting is common in the Yaws in sheet 84 K/5. There 
are some good sections of these faults near Kyawtha. East of the 
Step-faults. Pondanng, the Yaws are greatly squeezed and 

contorted. Springs are common in the Yaws 

of the Kyaw valley. 

The upper boundary of the Yaws in sheet 84 K/5 is marked by 
a belt of alternating sandstones and shales. The thickness of the 

Upper boundary Yaws in this area, except where they are 
squeezed, is estimated at 1,800 feet, but it has 
been observed above that there is attenuation as one traces the 
formation northwards. 

There is an interesting occurrence of Yaws along the east margin 
of the valley of the Maw river between Tillin and Gangaw. Here 
the Maw gravels rest upon shaly beds. In several localities north 

v- _ . „ of Tilin the shales contain upper Cretaceous 

fossils ( Oroitoides apiculaia, etc.) see ante. 
There is however a tract east of Shwekondaing and Semindaw where 
the shales immediately underlying the Maw gravels contain the 
typical Yaw species Nummulites yaxoensis , Cotter and Qosavia 
kumberti (D'Arch. and Haime) (=FoJuto birmanica, Dalton). Oper- 
cuKno canaUfera is also found in these beds. There is a fossil 
bed with these species about one mile south-west of Yeshin. 


Upper boundary. 
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It will be shown below that the Maw gravels contain Lower 
Siwalik vertebrate fossils as well as a Middle Siwelik fauna. 

As the basal Irrawaddy sandstone shows a fauna not older than 
the Dhok Pathan rone of the Middle SiwaHk, it is clear that 
the Maws include in their lower parts beds equivalent to part of 
the Pegus. The Yaw shales occur as a downward continuation. 
The section may be compared with that of the Myaing anticline, 
which will be described below. The point to observe is that both 
in the Myaing anticline and here in the Maw valley, freshwater sand¬ 
stones of Irrawaddy type pass downwards into upper Eocene (Yaw 
stage) beds, without the intervention of marine Pegus. 

In this Maw valley area, the Yaw shales are practically indis¬ 
tinguishable (except for their fossil contents) from the Laungshe 
basal beds on which they abut. Possibly, if the country were bare 
an I open, as is the case in north-west India, the two stages might 
be readily separated. But this Maw valley is a well-forested area, 
with a good soil-cap, and the shales are concealed over large tracts. 
There is no doubt also that the Yaws and the Laungshes resemble 
each other sufficiently to render a distinction by lithology extremely 
difficult. The Yaws are brought into juxtaposition with the 
Laungshes by a strike-fault, and the Maw gravels rest with non¬ 
conformity upon them, but without any discordance. The beds 
are much crumpled. N. yawen&is and OpercuUna, canalifera were 
found one mile E. S. E. and also one mile E. N. E. of Semindaw. 

Other localities where Yaw beds are believed to be exposed (from 
an examination of the fossil contents) are :— 

1J miles east of Shwekondaing; 1 mile south-east of Semindaw; 
I ml. 1 fur. south-east of Semindaw; 1} miles W. 8. W. of 
Tawma. 

The presence of the Yaw beds was not fully proved until the 
specimens were examined in office on return from camp. This 
sheet was mapped by Mr. B. B. Gupta, but he did not map the Yaws 
separately from the Laungshes, as the boundary could not be seen 
clearly owing to the forest growth. 

The Yaws have been mapped in from a consideration of the 
position of the fossil-beds both of the Laungshes and of the Yaws, 
and while the line may require some slight correction when the 
map is revised in the field, its general outline is probably fairly 
accurate. 
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Change in facies. 


Sheet 84 K/9 was also mapped by Mr. B. B. Gupta. Here the 
Yaws are attenuating out to zero about 2 miles west of Legan, but 
they thicken again to the south-east. 

Some bryozoa were collected some three furlongs W. N. W. 
of Yegyaw, which Mr. Gupta refers to the genera Lepralia and 
CoUopora. As in the sheet to the west, the 
Myaing. n0rth * WC,t 0i basal Yaws are characterised by coal-seams. 

The beet seam is not over three feet thick. 

In sheet 84 K/14, around Suwin, the Yaw shales are of similar 
facies to the Yaws in the western adjoining sheet. From the Seikche 
chaung , Cardium kanleanum , Cotter and Gosavia humberti (D’A. 
and H.) were collected, and in a stream 1£ miles W. S. W. 
of Thayetkwa, N. yatoensis , 0. canalifera , Orthophragmina sella, 
Cardium ihetkegyinense and CyprcBdia birmanica. 

In the north-west quadrant of sheet 84 K/14, there is a tract 
over which the Yaw shales are of an earthy and rather arenaceous 
facies with fossil wood. They are thus rather 
difficult to trace, and their upper and lower 
boundaries are no longer sharp. They are here apparently a shallow 
water deposit. To the south in the Myaing anticline south of Myaing, 
the Yaws are more shaly and of a more marine type, but fossils are 
still rare. Of those that were collected, the following species were 
identified from the Yaws south of Myaing:— 

Orthophragmina sella , D.’Arch., Gosavia humberti , D/Arch., 
Cyprcedia birmanica , Vred., Cardium thetkeg- 
yinenst , Cotter, a nummulite probably N. 
yatoensis, Cotter, and OperouUna canalifera . 

Above and below the Yaws of this area, the beds are freshwater. 
Below are the freshwater facies of the Pondaung sandstones with 
a vertebrate fauna. Above are the Irrawaddy sandstones, and 
intervening between the basal Red Bed of the Irrawaddies and the 
Yaw shales, are about 1,000 feet of fluviarile beds which may be 
Pegu, or an upper extension of the Yaws. 

It is, however, to be noticed that the Pegu formation is either 
absent or greatly reduced. This is very surprising when one 
realises that it is only thirteen miles in a south-westerly direction 
from the southern tip of the Myaing antioline to the northern 
end of Yenangyat, where the Pegus underlie the Irrawaddy 
sandstone, and are over 4,000 feet thick. There are no Yaws 
visible in the Yenangyat anticline, and no Pegus in that of 


Myaing area. 
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Myaing. They are, however, on different lines of strike, and this 
is probably the reason for the sharp contrast. 

Mr. H. S. Bion mapped the country to the south of the Yaw river, 
in which Yaw shales are exposed. South of lat. 21° 5', he found 
v - . . Velates perversus (Gmelin) (=schmideUana 

Ramauct) at the top of the Yaws. This Velates 
bed could not be traced north of this latitude, since the bed changes 
its facies and becomes a sandstone. This sandstone must then be 
mapped with the overlying Pegu sandstones; thus the lithological 
boundaries transgress across the faunal lines. 

Further south in sheet 84 L/5, H. S. Bion sub-divides the Yaws 
into two groups, following the grouping adopted by C. Porro. 1 The 
upper Yaws consist of alternations of sand- 
of Ngahlilng- g^ne and shale with fossils ; the lower Yaws 
are mainly yellow sandstones with siliceous 
layers, outcropping in sharply defined beds, with coal or carbon¬ 
aceous shale at the top. Foraminifera and corals are abundant in 
the upper division; amongst these are Nummulites yawensis and 
Orthopkragmina sella. Bion estimates the thickness of the Yaws at 
from 1,500 to 2,000 feet. 

In the southern half of sheet 84 L/5 and the north of 84 L/6, 
the Ngahlaingdwin anticline has attracted much attention owing 
to the hopes once entertained of developing this area into 
Mr. S. R. Rau’s oilfield. This tract was mapped by Rao 
Bahadur Sethu Rama Rau, and in the Salin 
river, which traverses the middle of sheet 84 L/5, he gives the 
following succession westward in descending order from the boundary 
of the Irrawaddy sandstones, through the Pegus and Yaws to the 
Pondaung sandstone :— 

20 Ferruginous pebbly conglomerate . . • Basal Irrawaddy beds. 

19 Conglomerate and sandstone . . . 

18 Shales and sandstones with Batista birmanica , 

Vred. 

17 limestones with Area sttbmulti/ormis , Vred., 

Tdescopium sp.► 13 to 19, Upper and 

16 Qritty sandstones and conglomerates . . . Middle Pegus. 

16 Sandstones. 

14 Poor seams of coal. 

13 Shales and sandstones.^ 

1 0. Porro, Geology of the country near Ngahlaingdwin, op. ciL, XLV, p. 249. 


13 to 19, Upper and 
Middle Pegus. 
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12 Padaung clays divisible into three zones :— 

Upper beds, rich in Tritonidea martiniana (Noetl.), 
Melongena prwparadisiaca , Vred., TeMina , etc. . 
Middle beds, with FlabtUum, and Dendrophyllium. 
Lower beds, with Ostresa . . . . 

11 Sandstones and limestones, here barren of fossils . 
10 Impure coal ....... 

9 Sandstones, here barren ..... 

8 Limestones with Vdates perversus , and Orthophrag- 
mina sella ....... 

7 Shales ....... 

6 Limestones with NummuUles yawensis 
5 Sandstones and shales ..... 

4 Thick impure beds of coal ..... 

3 Petroliferous sandstones with hydrogen sulphide 
springs ....... 

2 Unfossiliferous sandstones ..... 

1 Hard sandy limestone forming top of Dudawtaung 


-12, Padaung 
Btage. 


►9 to 11, Shwezet&w 
sandstones. 


>4 to 9, Yaw stage. 


1 to 3, Pondaung 
sandstones. 


In sheet 84 L/6, to the south of Ngahlaingdwin, Mr. E. L. G. Clegg 
describes the Yaws as very variable in thickness and character. 

South of the mapped area, the thickness is 
NgihUIngdwin!** 1 ° f on ^7 300 400 feet. Around Kanbauk, the 

thickness has increased to 2,500 feet, and the 
beds are alternations of sandstone and shale. Coal occurs here in 
the upper beds, and is underlain by a bed containing a large Ampul - 
lina. The 2,500 feet of Yaws are made up of three main beds of 
shale separated by two bands of sandstone, which in places are of a 
fawn to green colour, and in which thin coal lenticles and false- 
bedding are common. The disappearance of the Yaw stage to the 
south of the mapped area is due to overlap by the Shwezetaws or 
basal Pegus. 

The AmpuUina found by E. L. G. Clegg is probably that 

described by L. V. Dalton 1 as A. grossa , Desh., a species found in a 
horizon in south Minbu which is well below the Yelates bed. 

The fauna of the Yaw stage is not thoroughly known. Owing 

to the death of Mr. E. W. Vredenburg, many of the gastropoda 

^ remain as yet undescribed. The following 

families have been untouched : — Purpuridw , 
TfitoniidWy Cassididw, Dcliidm , StrombidcB , Cerithidce . The descrip¬ 
tion of the remaining gastropod families form part of a series of papers 


1 L. V. Dalton, Goology of Burma, Quart, Joum. QtoL Soc ., LXIY p. 637, (1908). 
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on Indian Tertiary Gastropoda, which appeared in the Records of the 
Geological Survey of India, Vols. LI, LTTI, LIV, and LV. 

So far, only three species of foraminifera 
taram»n''.cra. have been collected from the Yaw stage in 

north Minbu and Pakokku ; they are:— 
Nummulites yawensis, Cotter. 1 
Orthophragmina (Discocyclina) sella , D’Arch. 

Operculina sp., cf. canalifera , D’Arch. 

N. yawensis is very abundant in the Yaw stage in the country 
near the Yaw river ; it is found in the south of the Myaing anticline 
at the top of the Yaws, in the Zaha chaung , 2 in the Ngahlaingdwin 
area, in the Yaws underlying the Maw gravels east of the Tilin- 
Gangaw valley near Shwekondaing, and in many other plaoes. It 
has not been found at any other horizon except the Yaw stage ; it 
does not occur in the tertiaries of north-west India, the Upper Eocene 
being there very poorly developed. It appears to be a reliable 
zone fossil. 

Discocylina sella , D’Arch. is a small papyraceous megasphoric 
form of 7 to 8 mms. diameter, and about 1J mm. thick. It corres¬ 
ponds with a form from Borneo, figured by Miss Irene Provale, 3 and 
identified by her with D’Archiac’s species. This species is found 
in the Zaha chaung (see above), in the Myaing anticline, and in vari¬ 
ous other localities, usually in company with N. yawensis. 

The Operoulina of the Yaw stage has been identified by L. V. 
Dalton 4 with D’Archiac and Haime’s species 0. oanalifera. 0. 
canalifera is, however, a Ranikot form, 5 occurring both in north¬ 
west India and in Tibet* at this horizon. If the Burmese form is 
really the same species as that of the Ranikot stage, it must be 
admitted that 0. canalifera ranges from the lower to the upper 
Eocene. 

i gee Rtc. Qed. Surv. Jnd., XLIV, p. 77, (1914). 

t For poaitkm of Zaha chaung, tee C. Poro’i paper aad map in Rec. Qtd. tint*, ini., 
XLV, p. 249, (1915). The Zaha chaung hi alao mentioned in H. Donville’s paper in Bull* 
Sue. €fad. Fr., (1995) p. 452. Bee also Rtc. Choi. Surv. Ind. f XLTV, p 77, (1914) where 
locality L ** about 5 mile* N. of Zaha chaung. 

• Irene Provale : Li alonne Nummulitine e OrbRoidine dell’ Iaola di Borneo, Uiv. 
Hal. di PaUont., XIV, p. 55. 

4 Quart. Jmum. Qtd. Sue., LXTV, p. 6S$, (1909). 

•fittWXF, NottaU, Qtd. Mag., LXIII, pp. 117 and 498, (1928). 

• Rta. CM. Sum. IudLf UX, p. 414. (1998). 
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Gastropod Iuiim. 


The following is a list of the Gastropoda 
of the Yaw stage 


Gcnotia birmanica , Vrod. 1 (Thotkegyin, south-west (Quadrant, sheet 84 K/7 ; 
Ivyaukkwet chaung , 84 K/10). This form is closely related to G. jogjacar- 
tensis, Martin from the Upper Eocene of Nangguian in .Java. 2 

< Uenolia garrowi , Vred. 1 (Thetkegyin, Kyaukkwet chaung). 

Conus (Lithoconus) gracilispira , Bcottger, (Thetkegyin, Kvaukkwet chaung). 
This form was first described from the Upper Eocene of Borneo. 

Gosavia humberti (D’Arch. and Haime) (V T ery common throughout the Yaws 
wherever they are fossiliforous, Thotkegyin, etc.) D'Archiac and Haime 
figured the type from the Laki stage of Sind. The Burmese form was 
described as Volutu birmanica by Dalton 3 ; as Gosavia birmanica by Pilgrim 
and Cotter 4 ; and as Aulica birmanica by Vredenburg 3 , but L. R. Cox 
thinks* that the species belongs to the genus Gosavia and that it is identical 
with the Laki species of D’Arcbinc and Haime. 

Harpa ( Eocithara ) birmanica , Vred. 3 (Thetkegyin). This species is a close 
relative of Harpa mutica , I^amarck from the Middle Eocene of the Paris 
basin. 

Marginella orienialis, Vrod. 6 This form is found at Thetkegyin in the Yaw 
stage, and at Myaungu on the main road from 8alin to Sidoktaya, whore 
it occurs in the Padaung clay horizon. 

Athieia ( Neoathkia ) rosalindcs, Vred. 3 (Thetkegyin). This shell is related to 
Voluia cithara , Lamarck, an Eocene form from the Paris basin. 

Athieia pemodosa (Dalton). 3 This species has not been found in the Yaws of 
the Pakokku district, but is recorded by Dalton 3 from beds presumably 
of Yaw age in south Miubu. 

Athieia (VoltUospina) augustcc, Vred. 5 This species is found at Thetkegyin 
and in the Z&ha chaung area and south-vest of Kywe-u (sheet 84 L/5, 
extreme south). It is related to Voluia elevaia. Sow. from the Eocene 
of the Paris basin. 

Athieia (Volutospina) annandaUi, Vred. (Thetkegyin). Resembles V. elevata , 
Sow. from the Eocene of the Paris basin. 

Athieia {Vclutocorbis) archiad, Dalton* A & . This shell is recorded by Dalton 
from the Yaw horizon in south Minbu, but occurs also in Pakokku between 
the 31st and 32nd milestone, at about 31 mis. 2 furs, on the Yaw-Pasok 
road. It is the same species, according to Vredenburg, as Volulooorbis 
ickei f Martin from the Upper Eocene of Java. Dalton’s name, however, 
has the priority. 

Voluiilithes arakanensis t Vred.* This is found in the Yaws of the Kyaukkvct 
chaung (85 K/10). It bean a close resemblance to a Javanese form doubt¬ 
fully referred by Martin to V. junghuhni. 


1 E. Vredenburg, Indian Conidae, op. oil., L1I1, p. 132, (1921). 

1 JSamml. dec geol. Reich*-M useums in Leiden, New Ser., Vol. II, p. 111. 

* Quart. Joum. Geol. 8oc. t LXIV, p. 632, (1908). 

4 Rec. Geol. Surv., /ad., XLVIL p. 44, (1916). 

* Op. c%L f LIT, p. 209, (1923). 

4 Trans. Sag. 800 . Mdin., VoL LVH, Ft. 1* (No. 2), p, 07, (1931). 



68 COTTER : GEOLOGY OF PARTS OF MINBU, ETC. 

ScapheUa humilis , Vred. 8 (Thetkegyin). 

Clavilithes cossmanni , Vred. 1 (Kyudaw chaung east of Pasok, sheet 84 K/3). 
This shell is closely related to G. songensis, Martin from the Upper Eocene 
of Java. 

Clavilithes songoensis, Martin 1 (Yaw stage W. N. W. of Ngapya, in north half 
of sheet 84 L/6). 

Sernifusus heroni , Vred. 1 * (Thetkegyin). This species is closoly related to 
S. timorensis , Martin from the Miocene of Timor and Java. 

Lacinia indica, Vred. 1 & 1 (Kyudaw chaung east of Pasok, 84 K/3). This is re¬ 
lated to L. sangiranensis, Martin. 

Vdates perversus (Gmelin)=F. schideliana , Chemnitz. This species was origin¬ 
ally recorded from Burma by F. Noetling, but the exact 8 locality was not 
stated. Later, G. de P. Cotter found specimens in Bouth Minbu, 4 * and 
subsequently Rao Bahadur S. Sethu Rama Rau and H. S. Bion found 
specimens in the topmost part of the Yaw stage in the Ngahlaingdwin 
area (84 L/6) and in the country to the north. H. 8. Bion remarks that 
no specimens of Velates were found north of lat. 21° 5'. In Tndia, this 
species is found from the Ranikot to the Khirthar, and in Europe from 
the Lower to the Upper Eocene. 

Cyprcedia birmamca, Vred. 6 This species was figured by L. V. Dalton (Op. 
cit ., p. 629 and PI. LVII, figs. 7 and 8) under the name of C. degans , 
Defrance. Dalton regards it as post-Eocene, but in Burma it a very typical 
Yaw stage fossil, and is not found in later beds. Vredenburg thinks that 
it may be an adult specimen of a species figured by Martin as C. conigera. 

AmpuUina cf. grossa , Deshayes. It was noted above that E. L. G. Clegg found 
a large AmpuUina apparently identical with that figured by L. V. Dalton 
(op. cit.) from south Minbu. Mr. Clegg’s specimens came from the Yaws 
near Kanbauk in sheet 84 L/6. 

Rimella sp. indet., Ilindsia sp. indet., Nalica 8pp. indet., 6 and 
Sigaretus sp. indet., all from the Thetkegyin area, are some of the 
undescribed gastropoda which still await examination. 

The lamellibranchiata of the Yaw stage 
LamelHbranch fauna. were described by me in 1923. 6 The 
following is a list of the species identified:— 

Solen manensis , Cotter. 

Gorbvla subexarata, D. Archiac, var. lituus. This Bpeoiee is oommon also in 
the Laki and Khirthar of India. 

1 E. Vredenburg, Indian Tertiary Gastropoda, IV., op. cit. t LIV, p. 243, (1923). 

* E. Vredenburg, Indian Comd®, op. dt., LIU, p. 132, (1921). 

8 F. Noetling, Note on the Occurrence of Velates schmideliana in India and Burma, 
op. cit., -XXVII, p. 103, (1894). 

4 G. de P. Cotter, The Pegu Eocene Succession in Minbu, op. cit., XLI, p. 221, 
(1912). 

4 X. Vredenburg, Classification of Cypreid®, op. dt., LI, p. 118, (1920). 

* The Lamellibranchiata of the Yaw stage, Pal. Ind., N. S.. Vol. VII, Mem. No. 9, 
(1923). 



YAW 8HALE8. 


60 


Corbvla paukensis, Cotter. A very small species very close to C . uxUumurensis 
from the Java Eocene. 

Tapes birmanicus, Cotter. A wide-spread species in the Yaw stage from north 
Minbu to Pakokkn. 

Meretrix yawensis , Cotter. Close to M. bottgeri , Martin from the Java Eocene. 

Meretrix agrestis , Cotter. This may be identical with a Borneo species figured 
by Bottger as Cyiherea heberti , Desh., but the identity with the Paris species 
is doubtful. 

Blagraveia (?) ycthama, Cotter. This species was referred by me originally 
to the genus Sunetta. It has not, however, the shape of a Sunetta and 
recalls somewhat the shape of a Clemeniia. Most of all does it resemble 
the genus Blagraveia founded by L. R. Cox in 1931. 1 

I consulted Mr. Cox upon the generic identification, and he wrote ‘ It seems 
most probable that Sunetta yelhama does belong to Blagraveia , although it is also 
very much like Clemeniia. I am now quite convinced that Blagraveia does belong 
to the Veneridon.* It is related to a species described by Bottger from Borneo under 
the name of Venus sulcifera. 

Venus paskoensis, Cotter. This belongs to the group of Venus precursor from 
the Tongrian of Italy. 

Tellina nanggulanensis, Martin. This species is widely spread in the Yaw 
stage, and is identical with Martin’s species from the Upper Eocene of 
Java. There are related forms in Borneo from beds of the same age. 

Tellina ( Calpopagia ) tazuvensis , Cotter. A relative of Arcopagia colpoides 
from the Paris Eocene and ancestral to T. grimesi from the Pegus of Burma. 

Tellina salinensis. Cotter. Prom the Salin chain g in sheet 84 L\*>. 

Cardium kanleanum , Cotter. A globular Cardium and one of the largest species 
known. C. gigas from the Paris Eocene is of similar size but more elon¬ 
gate. 

Cardium thetkegyinense , Cotter. One of the commonest species of the Yaw 
stage. It resembles C. eduliforme from Borneo Eocene beds. 

Cardium cotteri, Cox 1 (-C. ambiguum , Sow.) Recorded by Rao Bahadur 
S. Sothu Rama Ran from Yaws north of Ngahlaingdwin (84 L/6). 

Pinna sp. indet. A broken species from the Thetkegyin area, resembling 
P. margaritacea , Lamk. 

Ostrcsa minbuensis , Cotter. A longirostriform Ostreea found in the Yaws about 
three miles east of Pasok (sheet 84 K/3). 

Chlamys sp. of. mullistriata, Desh. Poorly preserved. Found in the Yaw 
river section, about 2 miles east of Tazu (sheet 84 K/7). 

Leda silvestris, Cotter. From Kyutaw chaung , 2J miles east of Pasok. 

The above list of the fauna of the Yaw stage is complete, so far 
as the north Minbu-Pakokku area is concerned, but, as has been 
noted, there is still some undescribed material. 

1 L. H. Oox, New Laraellibranch genera from the Tethvan Eocene, Proc. Malar. 
See, London, New Ser., XV, p. 129, (1931). 

• See L. R. Oox in Trans. B. doe. Mdin ., LVII, Pt. I, (No. 2), p. 82, (1931). 
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In addition to the lists of fossils from the Burmese Eooene given 
in the preceding pages, we may perhaps summarise briefly the forms 
found in south Minbu and north Thayetmyo, which have been 

Yaw fauna in south identified in former papers by L. V. Dalton, 
Minbu. by myself, 8 and by E. L. G. Clegg. 3 

In south Minbu, the ‘ G * bed described by myself is without 
doubt the same horizon as the Yaw stage of Pakokku. It contains 
the following species :— 

Volutes perversus (Gmelin). 

Cardium cotteri , Cox (—( 7 . ambiguum , Sow.) 4 

Corbida subexarata , D’Arch. 

Meretrix cf. stdeataria , Desh. (—Venus subovalis , D’Arch.) 

Cyprccdm birmanim, Vred. (-C. degans , sec. Dalton and 
Cotter.) 

Athleta (VohUocorbis) archaici , Dalton. 

Gosavia humberti (D’Arch. and Haime). 

The remaining identifications of fossils from the ‘ G ’ bed need 
further study. The fauna, however, corresponds very well with 
that of the Yaw stage of Pakokku, and the Velates bed is evidently 
the same as that of Ngahlaingdwin in north Minbu. 

The Kyet-u-bok band has been traced for over a distance of 10 
miles to the S. S. E. of Kyet-u-bok by E. L. G. Clegg, and is found 

. . . , also in the country to the west in a synclinal 

Kyet-u-bok bed. , . , lu • 

basm shown in the map accompanying nis 

paper. Its fauna, the list of which is compiled from my own and 

E. L. G. Clegg’s paper and that of L. V. Dalton may be summarised 

as follows:— 

Orthophragmina ( Discocydina ) omphalus, Fritach. A species larger than O. 
sella, and figured from the Borneo Upper Eocene by Fritach, and by H. 
Douville. 

Oypsina globulus, Eeuss. Ranges from Eocene beds in Christmas Island to 
present day. 

Nummulites beaumonti (?) The identification needs confirmation; the speci¬ 
mens are poorly preserved. L. D. Stamp [ Geol . Mag., L1X, p. 494, (1922)] 
sayB that this species is N. yawensia. Cotter. 

Nummulites obeeus, D’Arch. Recorded by E. L. G. Clegg. 

1 L. V. Dalton, Geology of Burma, Quart. Joum. Qeol. See., LXIV, p. 612, (1906). 

* G. de P. Cotter, Pegu-Eocene Succession in Minbu, Bsc. Qeol. 8urv. Ind., XLI, 
p. 221 ,(1912). 

• E. L. G. Clegg, Overlap in Ngape area, op. ciL, LXVI, p. 260, (1932). 

< 8m L. K. Cox in Teams. B. Soc. Bdin., LVU, Pt. J, (No. 2), p. 82, (1931). 
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Orthophragmina ( Discocylxna) papyracea, Boub. var. jatana , Verb. A large 
Orthophragmina , up to half a crown in size. Collected by W. Theobald 
from Thayetmyo, and later by E. L. G. Clegg. 

Opcrcvlina cf. canalifera , D’Arch. Recorded by L. V. Dalton and E. L. G. 
Clegg. 

Gosavia humberii , D’Arch. As has been noted above this species is very abun¬ 
dant throughout the Yaw stage, and also characterises the Khirthar of 
India. 

Athleta (Voluiospina) annandalei , Vred. Also in Thetkegyin area. Yaw stage. 

Cardium thetkegyinense , Cotter. Very abundant throughout the Yaw's. 

Cardium ftvbjragilc , Bottger. Yaw' stage of Pakokku and Borneo. 

Telltna ( Colpopagia) tazuicnsis, Cotter. Yaw* stage of Pakokku. 

It may be noted that Numnndites yaucn&is is possibly present 
and the fauna must be correlated with that of the Yaw stage of 
Fakokku. The mapping of the country from north to south Minbu 
confirms this correlation, but owing to dense forest, and to the failure 
of the Padaung clay horizon as a sharply marked unit in the extreme 
south of Minbu, the continuous tracing of beds has been rendered 
somewhat difficult. 



CHAPTER IX. 


THE PEGU SERIES OF THE WESTERN OUTCROPS. 

The post-Eocene beds of Burma have been divided by W. Theo¬ 
bald into a lower marine or estuarine series of beds which he termed 
the Pegu series, and an upper, which was in his original paper named 
the Fossil Wood group, and whicli is mainly a fresh water deposit. 1 

The term ‘ Pegu series * was adopted by F. Noetling, when he 
mapped the Yenangyaung oilfield, with much the same meaning 
as that originally given to it by W. Theobald, 
“ PegjT&ries ”! <Cnn but Noetling replaced the term ‘Fossil Wood 
group’ by a new name ‘ Irrawaddy series ’ to 
denote the freshwater beds above the marine post-Eocene in the 
Yenangyaung and Yenangyat areas. 2 

Subsequent geologists have followed this practice, discarding 
the term Fossil Wood gToup for that of Irrawaddy series, and re¬ 
taining the term Pegu series, and these terms will be used in this 
memoir. 

Since fossil wood, although characteristic of Pliocene beds in 
Lower Burma, where W. Theobald’s work was done, is, in Upper 
Difference In meaning Burma, found at many horizons both in the 
of 4 Fowl! Wood Group ’ Irrawaddy series, the Pegu scries, and the 
and ‘ Irrawaddy Series Eocenc the telm < Fossil Wood group ’ j 8 

hardly suitable to designate the freshwater beds above the Pegus, 
and it was probably mainly this consideration which influenced 
later geologists to discard Theobald’s term in favour of that adopted 
by Noetling. 

Moreover the two terms do not appear to be quite synonymous. 
I have elsewhere discussed this question at some length 8 , and have 
shown that while W. Theobald in 1873 and, following him, M. Stuart 
in 1910, included in the Fossil Wood group certain shallow water 
marine sands known as the Mogaung or Turritdla sands, which lie 
at the base of the freshwater series, a revision was adopted in 1912 
by M. Stuart, after discussion with his colleagues, whereby the 

1 Bee. Oeol. Burt. Ind. t II, pp. 79, 80, (1869). See al*o Mem. Oeol. Surv. Ind. t X, 
Pt. 2, (1873). 

* Bee. Oeol. Swrv . Ind., XXVIII, p. 76, (1896). 

* flote on tbo Geology of Thayetmyo op. dt., LTV, p. 103, (1922). 
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TurriteUa sands of Thayetmyo, and the Akauktaung beds of Henzada 
were tabulated as uppermost Pegus, thus restricting the grouping 
of the freshwater beds above, so as to comprise only strictly fresh¬ 
water deposits. It was felt at the time that this grouping would 
be more harmonious with that adopted in Upper Burma by Noetling, 
Grimes, Pascoe, myself, and others. 

At the same time, the freshwater beds of Lower Burma received 
the name ‘ Irrawaddy series * on the view that they were of the 
same age as the Irrawaddy series of Upper Burma. 

Some doubt exists as to the exact age of the Akauktaung beds 
of Henzada, but if we regard them as older than Pontian, t.e., 
Vindobonian, they must be older than the 
au taun^ itagc. Irrawaddy beds of the type area in Yenang- 

yaung, and they therefore fall more naturally into the Pegus as 
their topmost member. 


The Irrawaddy beds therefore are probably homotaxial with the 
Siwaliks of India, provided we exclude the Kamlials from the 
Siwnliks, as I have suggested in a recent publication. 1 The Pegu 
series is then the exact equivalent of the Gaj and Nari stages of 
India. 


The sub-division of the Pegus was attempted by W. Theobald, 
but the imperfect maps of his day and the rudimentary knowledge 
of the palaeontology of the series rendered his 
*IontT <Mng * 8ub " d,vl ’ classification doubtful when applied to sections 
in Upper Burma. Subsequently, F. Noetling 
made an elaborate sub-division into stages and zones of the Pegu 
series, but his work gradually came to be looked on with grave 
suspicion. 

When work on the Burma oilfields was resumed by Sir E. H. 
Pascoe, then a new' recruit to the Geological Survey, in 1905, it 
was Noet ling’s stratigrnphical zoning and fossil descriptions which 
we mainly depended upon. I joined Sir E. H. Pascoe in 1905 and, 
up till 1909, we were engaged in mapping anticlinal areas, where 
the full section of the Pegus was not exposed. 

In 1909, I examined a complete section along the Man river 
near Ngape in south Minbu, and subsequently described the succes¬ 
sion from the top of the Pegus to the base of the Eocene. 


1 Mem . Oeol . Surv . Ind .. LV, p. 99, (1933). 

• The Pegu-Eocene Succession in the JMinbu Pistrict near Ngape. Etc . GeoL S*rv. 
/fid., XU, p. 221, (1912). 
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Meanwhile Dr. M. Stuart had, in Prome and Henzada districts of 
Work in Ngapc and Lower Burma, gone over the ground originally 
Henzada. mapped by W. Theobald in the ‘ sixties * of 

last century, and made a fresh survey and revision of his work. 
Dr. Stuart’s attention was mainly directed to the Upper Pegus. 
which are highly fossiliferous in Lower Burma. The work of 
Stuart and myself and the fossil collections we made were studied 
by E. Vredenburg, who was then Palaeontologist to the Geolo¬ 
gical Survey of India. Writing in 1920, 1 
Vretfentarg °* E. Vredenburg published his conclusions upon 

the sub-division of the Pegus, and his sub¬ 
division of the series, which summarises the work of our party 
in Burma, is that which is adopted here. Vredenburg at the same 
time exposed the unsoundness of Noetling's ‘ zone ’ and revised 
his work on the gastropoda. He did not, however, take up the 
study of the lamellibranch fauna, with the exception of selected 
genera such as Ostrcra and Cyrena. 

Vredenburg in a subsequent paper in the same volume of the 
Records 2 , published a scheme of sub-division of the Pegu series 
into stages, with a table of equivalent stages 
Vredenburg i sub- j n j ava an d north-west India. It is briefly 

given below :— 


divisions. 


Age. 

Burma. 

Java. 

North-west India. 

Pleistocene 

Plateau-Gravel 

Kondeng beds 

Raised beaches, etc. 

Pliocene . 

Irrawaddy series, 
(upper part). 

Sonde series 

Upper Siwalik and Gwadar 
stages. 

Pontian 

Irrawaddy series, 
(lower part). 

Akauktaung beds, 
in part. 

Odong beds . 

Middle Siwalik and Tolar 
stages. 

Vindobonian 

Perhaps Akauk¬ 
taung beds, in 
part. 

Tji Lan&ng series . 

Lower Siwalik and Man- 
char. 

Bnrdigalian 

Pyalo stage . 

Njalingdun series . 

Bugti beds, Murreo beds. 
Upper Gaj beds. 

Aquitanian 

Kama stage 

Rembang series . 

Lower Gaj. 

Chattian . 

Singu stage . 


Upper Nari beds. 

Stampian . 

Sitsayan stage 

.... 1 

Lower Nari beds. 

Lattorfian 

Shwezetaw stage . 

1 

Mula Pass beds (in part). 


1 Remits of & Revision of Some Portions of Dr. Noetiing’s Second Monograph on 
the Tertiary Fauna of Burma, op. til., LI, p. 224 (1920). 

1 Marine Fossils of the Garo Hills, op. tit ., LI, p. 328, (1920). 








PEGU SERIES OF THE WESTERN OUTCROPS. 


75 


In 1922, I recommended the abandonment of the term ‘ Sitsayan ’ 
and its replacement by that of * Padaung ’ to denote the stage 
below the Singu beds, 1 on the ground that 
denliuf^Khfflie! ^e ^ erm ^ad been adopted by Vredenburg 

from my own previous paper on the Ngape 
section where I had described the Padaung beds as probably to 
be correlated with the Sitsayan shales of Theobald. I suggested 
in my later paper that the fossil-horizon in the Ngape section and 
the belt of clays containing this fauna should derive their name 
from the village of Padaung in that area, since the correlation with 
the original Sitsayan shales of south Thayctmyo vas doubtful. 

Subsequent mapping in south Thayetmyo by Mr. E. L. G. 
Clegg 2 indicated that the Sitsayan shales of Theobald are a larger 
group than the Padaung clay, representing both the Padaung stage 
(=‘ Sitsayan * stage of Vredenburg) and the Shwezetaw stage below. 

In my paper above quoted, I pointed out that the Irrawaddy 
series in Thayetmyo are mainly gravels, if we exclude the Turrilella 

Stratigraphies! poai- san( ^ s their base, and place the latter in 
Hon of Akauktaung beds the Pegus, where they most naturally belong, 
and Turri tells sands. This course was followed by H. S. Bion, whose 

map was published posthumously with my paper. E. L. G. Clegg, 
having mapped the country between Thayetmyo and Minbu districts, 
was able 3 to confirm the view that this horizon is the correct boundary 
between the Irrawaddy series and the Pegus according to the usage 
adopted in Upper Burma, and it follows that the Turritella sands 
and their representatives the Akauktaung beds of Henzada must 
also be placed in the Pegus as their uppermost stage. This however 
involves a change from Theobald’s original scheme, since he included 
the TumteUa sands in the Fossil Wood group as their basal member. 
The change is necessary, because of two facts, .first that the natural 
boundary line between the two series from south Pakokku to 
Thayetmyo is the passage from shallow marine to freshwater beds, 
and secondly that the fossil evidence seems to point to a Vindobonian 
age for the Akauktaungs, while the basal Irrawaddy beds of the 
type area (Yenangyaung) are not older than Pontian. 

In the following pages, Vredenburg’s 4 scheme of sub-division will be 
adopted with the above modifications, viz., the replacement of the term 


1 Jttc. CM. 8mrv. Ind., LIV, p. 115, (1922). 

• Op. c$L, LV HI, p. 45, (1925). 

* Loc. ctt. 

4 World Petroleum Congress, Pre-Print No. 1^9, (1933). 
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• Sitsayan ’ by that of ‘Padaung and the removal of the Akauk* 
taung stage to the top of the Pegu series. 

Mr. G. W. Lepper 1 in 1933 published a scheme of sub-divisions 
of the Pegu series, which has been adopted by the Burmah Oil 

G.W. Lepper's scheme Co.’s geological staff. It is as follows 
0/ sub-division. 


Mio-Pliooene Irrawaddy series 

f Obogon alternations 
f Miocene . 1 Kyaukkok sandstones 

I [_Pyawbwe clays 

Pegu series . < (unconformity) 

I f 0 kb min taung sandstones. 

j^Oligocene . < Padaung clays 

I Shwezetaw sandstones 


6,000 to 10,000 ft. 
up to 3,000 ft. 
up to 6,000 ft. 
up to 3,000 ft. 

0 to 4,600 ft. 
up to 2,600 ft. 
2,000-4,000 ft. 


This scheme does not differ very markedly from that of the 
Geological Survey of India, in which the Miocene is sub-divided 
into three stages, the Akauktaung, Pyalo, and 
pJS?^ 0 * ChemCSC ° m " Kama, corresponding to the Obogon, Kyauk¬ 
kok, and Pyawbwe; and the Oligocenc into 
three stages, the Singu, Padaung and Shwczetaw, corresponding 
with the Okhmintaung. Padaung, and Shwezetaw. 

Mr. Lepper marks an unconformity between the Oligocenc and 
the Miocene. This is a question which concerns areas outside 
that described in this memoir. The Upper Pogus or Miocene arc 
poorly developed throughout the north of Minbu and the Pakokku 
district, and there are many local freshwater beds and many breaks 
in the series in the Upper Peg us of this area. 

Of the stage names given above, Akauktaung is from Henzada 
district, Kama and Pyalo from Thayetmyo district, Padaung and 
Shwezetaw from the Ngape section in south 
names!” °* ***** an( ^ Singu from the Singu oilfield in 

Magwe district (sheet 84 L/13). Singu then 
is the only one of these names which derives from a locality in the 
map accompanying this memoir. The Padaung stage is, however, 
highly fossiliferous at Yenangyat, and Ngahlaingdwin. 

With the exception of a few fossils from the top Pegus near 
Myaung-u in the extreme south of sheet 84 L/6 and a few Cyrenidcc 


Miocene poorly de¬ 
veloped. 


and Melaniidce from other localities, the Miocene 
portion of the Pegus is poorly developed, and 
fossils, such as they are, are so poorly pre- 


1 World Petroleum Oaagnm, Pre-Print No. 169, (1913). 
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served as to be specifically unidentifiable as a rule; much of the 
Upper Pegus is of a freshwater or very shallow water marine type 
and is barren. There is no trace of the richly fossilifcrous marine 
Miocene of Thayetmyo district. 

In describing the Pegus of our area, we may first deal with the 
Pegus of the main western outcrop, and secondly with the Pegus 
of the Yenangyat, Singu, Pagan, and Gwcgyo hills. 

The country south of Ngahlaingdwin (sheet 84 L/6), and the 
Ngahlaingdwin sheet (84 L/5), was mapped by myself in 1909 and 
by Rao Bahadur Sethu Rama Rau in 1912. 
NgahSi?ngd^n Uth °* s ^ a l° 8 that the Pegus of these areas fall 

iuto two divisions, a lower consisting of sand¬ 
stones with coal-seams, steel blue marine shales, and limestones, 
the shales and limestones being rich in fossils; and,an upper, mainly 
of sandstones, grits and conglomerates, with subordinate shales of 
a shallow water type, and poor in fossils. The boundary between 
the two divisions is marked by a ferruginous gritty sandstone of 
unequal thickness, and there is probably some unconformity along 
this horizon. This ferruginous gritty sandstone passes into a 
ferruginous pebbly conglomerate with lenticles of coal. This bed 
was seen both in the monoclinally dipping Pegus south-west of 
Magyigon, a village not far from the Saliu river, near the middle 
of sheet 84 L/6, and again in the Pegu syncline, between the Ngah¬ 
laingdwin anticline and the Nwanataung fold, near the village of 
Aleywa in sheet 84 L 5. The horizon is very easily traced in 84 L/6. 

S. R. Rau's work thus shows that the Pegus fuU into two divi¬ 
sions separated by a probable unconformity, which would agree 

„ „ . with the unconformity postulated bv Mr. (1. W. 

Median conglomerate. , , , , * * . “ , 

hopper between the* Ohgoceno and Miocene 

portions of the series. Unfortunately the beds above this line 

are very poor in fossils. Nevertheless, E. Yredenburg has recorded 

from the collections of 8. R. Rau the following 

yi o stage. species near the top of the Pegus near Mvaung-u 

in sheet 84 L/6 

Turritclla pinfoldi, Vred. 

Terebra myaunguensis, Yred. 

Tercbra promen sis, Yred. 

Ostrcea latimarginata , Vred. 1 

Yredenburg points out that this indicates the Pyale stage. 


1 See Rec. Gftol. Surv . Ind., LI, pp. 329, 348, 349, (19201. 
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In the Padaung clay beds near Myaung-u, 
***** °* lowing species were identified from S. R. 

Rau’s collections by E. Yredenburg:— 
Clavilithes seminudus (Noetl.). 

MargineUa orientalis, Vred. 

Athleta jacobsi , Vred. 

Melongena acanthina (Dalton). 

Below these fossiliferous clays come the Shwezetaw sandstones 
which S. R. Rau calls * sandstones with coal seams ’ ; these are 
here barren of fossils. 

One mile west of Kyauk-o in the centre of sheet 84 L/6, I found 

the following fossils in the Shwezetaw sand- 
Shwezetaw stage. . 

stones in 1909 :— 

Purpura sp. 

Lucina sp. 

Ostrcra sp. 

Vicarya sp. cf. verneuili , D’Arch. 

The last species also occurs in the Shwezetaw sandstones of the 
type area near Ngape. 

In my survey of sheet L/6, I estimated the total thickness of the 
Pegus as upwards of 14,000 feet. The upper shallow water division 
of probable Miocene age was 5,500 feet thick between Magyigon 
and Kyauk-o. 


West of Kayingyauk village, I found two fossil beds (150 feet 
apart vertically) in the upper Pegus. In the upper bed were 
specimens of Cyrena (Batissa) birmanica , Vred. 
Ng&hl^gdwiih** ***** acco *npanied by specifically unidentifiable speci¬ 
mens of Area, Turcica , Paracyalhus. In the 
lower bed, Batissa birmanica again occurred with B. kodaungensis , 
Noetl. Another bed 1£ miles west of Magyigon contained Batissa 
birmanica , Vred and Pecten (Chlamys) articulatus , Sow. The age of 
these beds is probably Kama or Pyalo stage. 


The upper Pegus in this area are charged with laminae of selenite. 
The sandstones are very soft, of a blue-grey colour in fresh stream 
sections, alternating with fight blue shales often stained with ochre. 
The sandstones are frequently current-bedded, and sometimes show 
ripple marks. 
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The lower Pegus consist of about 5,000 feet of alternate sand¬ 
stones and shales of Singu age ; below these there are about 1,000 
to 1,500 feet of Padaung clays, and below 
1 B °* these are about 3,500 feet of Shwezetaw sand¬ 
stone. 

The Singu stage here consists of alternate beds of sandstone 
and shale with occasional bands of clay ironstone and conglomerate. 
Near the top of the stage Turritella angulata , Sow. occurs. This 
common Gaj form is also found in Singu. Near the base, at 
Ngahlaingdwin village, the following species were found :— 


Nueula akocki, Noetl. 

Tcllina protocandida , Noetl. 

Cardita visquesneli, D’Arch. & Haime, sec. Noetling ( non 
C. visquesneli , D’A. & II., uhich is a Laki species). 

Corlula prototruncata , Noetl. 

Tivela protphilipinarum , Noetl. 

Uindsia birmanica, Vred. 

Sigarctus nereitoidcs , Linn., sec. Noetl. 

Athleta jaeobsi , Vred. 

Olivclla minbuensis , Vred. 


The Catdila figured by Noetling as C. visquesneli is quite different 
from D’Arehiae and Haime's species, as L. R. Cox has pointed out 
(op. cit ., p. 70). It may perhaps be known as C. noetlingi. 

Noetling’s work on the lamellibranchs is in need of revision, but 
it has been thought advisable to give his determinations, except 
vhere they have already been corrected in published work. 

In the Padaung clay in the Tayu stream 
NgahMogdwJn. 1 **' “* <,lose to Ngahlaingdwin village, the following 
fossils were found :— 


Nucula akocki , Noetl. 

Tcllina protocandida , Noetl. 

Tcllina indifferens, Noetl. 

Tivela protphillipinarum , Noetl. 
Genotia iravadica, Noetl. 

Cypraa (Bemayia) subexcisa , Braun. 
Clavilithes seminudus (Noetl.) 
Clavilithes ctrakanensis, Vred. 

Hindsia pardalu (Noetl.) 

Sigarctus nercitoides i Linn., sec. Noetl. 
Athleta theobaldi , Vred. 
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Lyria varicosa , Vred. 

Melongena prceparadisiaea, Vred. 

Tritonidea martiniana (Noetl.) var. arakanensis, Vred. 

At the base of the Shwezetaw sandstone north of Ngahlaingdwin, 
near the oil seepage, Heterostegina sp. was 

hwezetaw stage* found, otherwise the sandstone appeared to be 
barren. 

In the chapter on the Yaw stage, details of a section in the 
Salin river through the Pegus has already been given, (see pages 61-65). 
In this section, beds 16 to 20 are Miocene, beds 13 to 15 Singu 
stage, bed 12 Padaung clay, beds 9 to 11 Shwezetaw sandstones. 

Sheet 84 L/5 and the northern part of 84 L/6, and 84 K/8 were 
mapped by H. S. Bion. Bion found that the Yaw stage was a 
well marked and easily recognised horizon, with 
Yaw stage north of Velates at the top. Above these, the Shweze- 
Ngahlaingdwin. taw sandstones, which are 3,500 to 4,000 feet 

thick are nearly always barren. lie describes them as well bedded 
massive sandstones with subordinate shale layers. 

Above these the Padaung clay is a well marked band of clays, 
100 to 1,500 feet thick, with abundant fossils, amongst which he 
recognised Tel Una protocandida , Noetl. Ilindsia pardalis (Noetl.), 
Nautilus sp., Lucina globulosa , Desli. 

Above the Padaung horizon, the Singu stage and the Miocene 
together are 12,000 feet thick in the south of sheet 84 L/6, and are 
overlain by Irrawaddy sandstones without any noticeable break, 
conglomerates being rare. 

Bion attempted to map certain shale horizons in the Pegus 
above the Padaung horizon, but he found this imposssible. He 
found that, on working north, the thickness 
Pegus decrease in 0 f the Pegus steadily decreased, so that in 
thickness northwards. northern part of sheet 84 L/5, they were 

only 7,000 feet from the base of the Singu stage upwards. Moreover, 
the shales, so abundant in the south, were found to change rapidly 
to sandstones or quartz pebble conglomerates with abundant silici- 
fied fossil wood. 

In the section in the Thayetkon stream in the north of sheet 
84 L/5, the Pegus on the eastern flank of the anticline, except in 


Change in facies of their lowest beds, are absolutely different from 
Pegus, north of the Pegus of the south of sheet 84 L/6, and 

Ngahlaingdwin. are lithologically identical with the Irrawaddy 
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sandstones. It is evident, remarks Bion, that in the north we 
reach an old Upper Pegu land area, near which Irrawaddian condi¬ 
tions were established in Pegu times. 

H. S. Bion gives the following comparative sections :— 


I. Section about Lat. 20° 30'. 


IL Section abont Lat. 20° 57'. 


Baaal Irrawaddy conglomerate, 0 to 20 feet. Basal Irrawaddy conglomerate. 

Sandstones with a few ferrnginous pebbly Conglomerate and gravel, 2,000 feet, 
layers, 5,000 foot. 

Alternations of blue shale and sandstones, Massive white sand-rock, 3,000 feet. 
2,500 feet. 


Sandstone, 2,000 feet 

Blue shales and sandstones, 1,500 feet 

Sandstones, 500 feet 

Padaung clay ..... 


Thin bedded sandstones with subordinate 
shales, 1,500 feet. 


Padaung clay. 


The three comparative sections given on page 82 illustrate the 
thinning down and lateral change of the Pegus. The first section 
is in the southern part of sheet 84 L/C near the line of the Thabyebiu 
stream ; the second, a section through the Zaha stream near the 
south margin of 84 L/5, and the third is along the Thayetkon stream 
in the north of 84 L/5. 

Bion regards the Pegu-Irrawaddy boundary as unconi or inable. 
This unconformity, he says, is very small in the south but increases 
northwards owing to the regression of the 

Irrawaddy beds un- Irrawaddy series. In the Pegus themselves 

conformable lo Pegus. . , , . ,. 

he does not recognise any unconformity in the 

southern section, but says that there are many breaks in the sequence 

of the Pegus towards the north. 

Finally in sheet 84 K/8, the Padaung clays themselves, which 
formed a constant and mappable belt in the country from the north 
of sheet 84 L/5 to the Ngape section in south 
Padaung clays dls- Minbu, fail owing to the steady change of 
appear in 84 K/8. facies of the Pegus. The Padaung clays can¬ 

not be traced further north than lat. 21° 5'. Between lat. 21° O' 
and 21° 5' they are traced with some difficulty, but to the north 
they pass laterally into sandstones inseparable from the Pegus 
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Fio. 2.—Sections Ill nitrating lateral change in the Pegu* 
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above and below. North of this latitude too, the Velates bed, 
which had been taken as the top bed of the Yaws, is no longer found, 
since it is replaced by sandstones. There is thus a transgression 
of the lithological lines over the faunal lines, the base of the Shweze- 
taw stage in Pakokku containing some strata of sandstone which 
are the same horizon as the Velates bed in the 


StratUraphlcal po*i- Minbu district, while the Yaw stage in Pakokku 
tlon of elates bed. excludes the Velates zone. For practical map¬ 
ping purposes it has been necessary to keep to the lithological lines, 
the main Yaw shales being continuous throughout. North of lat. 
21° 5', the Pegus are mainly a freshwater formation, and Yaw stage 
marks the latest marine phase. 

The Pegus of sheet 84 K,7, which were mapped by myself, are 
current-bedded sandstones and conglomerates from top to bottom, 

Coaital and freifa- tlle Pa(laun 8 cla y s represented by sand- 

water Pegus of west stone, and the whole series showing no lines 
'Pakokku. of demarcation, whereby it can be subdivided. 

There is however from about the middle of the sheet northwards 
a bed of red conglomerate which divides the series into two portion 
of about equal thickness. This bed can be traced throughout the 
sheet to the north (84 K/6), but in the extreme north of this sheet 
it thins and dies out. I formed the conclusion that this bed came 
a little way above the horizon of the Padaung stage. It has 
been previously shown that Rao Bahadur 8. R. Rau’s survey of 
sheet 84 L/6 disclosed the presence of a similar bed of red ferruginous 
conglomerate and grit above the Padaung clay and Singu stages; 

it is possible that the two beds may correspond, 
but perhaps the safer attitude is to say that 
in the absence of fossil evidence, we cannot correlate the two beds 
with certainty. 

Above this median red bed, the Pegus of 84 K/7 and K/6 are 
current-bedded sandstones with fossil wood, very like the Irrawaddy 
sandstones above, especially in sheet 84 K/6. 

Only in one place were fossils found ; this was 2J miles north¬ 
west of Nyaungbintha close to the Tilin road in south-east quadrant 
of 84 K/6, where specimens of Batissa craicfurdi t Noetl. were found. 

In sheet 84 K/7, the total thickness of the Pegus is about 6,6C0 
feet. The series grades from estuarine beds below to fluviatile 
TMckncss •( fresh- above * The median red bed which sub- 
wator Psftts •( west divides the series is about 3,400 feet below tho 
P#kokk,L base of tho Irrawaddy scries. Above this horizon. 


Median red ted. 
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the beds are entirely fluviatile, current-bedded, poorly stratified, 
with fossil wood, and are not easily distinguishable from the Irrawaddy 
beds. The latter however have a gleaming white appearance in 
cliff sections, and are a looser, softer sand-rock formation. The 
upper Pegus are light cream-colour ; the bedding-lines are on the 
whole more definite ; there are frequent cannon-ball concretions. 

Below the median red conglomerate, there are about 1,300 feet 
of beds mainly sandy, but which show more definite bedding, and 
which contain in a few places some poorly 
Shallow marine lower preserved fossils. A fossil-bed lying close to 
Pegus * the thirteenth milestone on the Pauk-Pasok 

road yielded the following species:— 

Meretrix (Ttvela) protophilippinarum , Noetl. 

Calliostoma sp. 

A cast, possibly of Tritonidea martiniana , Koctb, was ako found. 
This zone of beds with occasional marine fossils can also be traced 
in sheet 84 K/G. In the north of that sheet some specimens of 
a coral resembling Dcndrophyllia digitalis, Blainville. It is very 
possible that part of this zone of shallow water beds with traces of 
marine fossils may represent the Padaung stage. 

Underneath this zone of beds with occasional marine fossils 
come the equivalents of the Shwezetaw sandstone. These beds 
are, in sheet 84 K/7, characterised by coal- 
Coal-seams In Shwe- seams, and by abundant fossil wood inline 
zetaw stage. diateiy above and below the coal-seams. The 

coal is developed mainly in the country south of the Yaw river, 
and has not been found east of the Pondaung range in the area 
north of the Yaw. It is of course possible that the seams may be 
invisible and covered by surface soil. The belt of fossil wood 
near the base of the Pegus can however be traced throughout 84 
K/7 and K/6. 

Gypsum is of common occurrence both near the coal-seams and 
near the horizon of the median red bed. It can also be seen at 
the base of the Pegus west of Man village near mile 23 on the Pauk- 
Pasok road. 

One furlong east of Tazu in the south of the same sheet specimens 
of Cyrena bomeensis, Bottger were found. The same species was 
also found about 3 miles S. 8. E. of Tazu near the coal-seams, and 
a fragment of the same species about J mile south of Myeni (mile 
14 OR Pauk-Pasok road). 
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In the north of sheet 84 K/6, and in the country south of Letpan 

( 21° 49': 94° 30' ), there is great difficulty in drawing a boundary 

,, . between the Upper Pegus and the Irrawaddy 

Upper Pegu* no longer , , T , c . . . ; 

separable from lira- beds. In the country to the south the bound- 

wesf , pakokku ,n n ° rfh * ar y marked by red earth beds, red gravel 
beds or red conglomerates. But in sheet 84 
K/6 other md beds make their appearance in the Upper Pegus, and 
the Upper Pegus themselves are no longer distinguishable from the 
Irrawaddy beds ; the boundary lias been drawn by walking along 
the strike, but it no longer represents a recognisable mappable 
field horizon 

The Pegus of 84 K T> were mapped by Capt. F. \V. Walker, as 
well as the Pegus of 84 J/8 and J/12. 1 take the following descrip¬ 

tion from his progress report. Near the base, 
Pegu* of Kyaw the Shwezetaw stage seems to be present in 
K/5, and the Pegus of J/8 and 12 are also 
mainly Shwezetaw. The predominant rock is a 4 pepper and salt ’ 
sandstone, soft and friable, and of a fine grain. Higher in the 
series clay and shale bands of a light blue colour appear, and some¬ 
times attain a thickness of 20 feet. These bands are not however 
constant, but pass laterally into sandstones. In the soutb-west 
of sheet 84 K/5, the rock is a friable white sandstone resembling 
the Irrawaddy beds. 

In the outlier of Pegus in 84 J/12, the Khodaung hill is covered 
by a quartz pebble conglomerate. 

In sheet 84 K/5, about one mile east of Tandaw, a belt of shale 
was found containing Btrings of coal, and some fossils. Amongst 
which w T ere a Voluta resembling Athlcta jacobsi. Vred. and uniden¬ 
tified species of Dolium^ Conus , Pleurotoma , Oliva , and Ampullina. 
Near this locality, another collection w'as made from a spot five 
furlongs north-east of Zaho, from which Natica sp., and Trochus 
sp. were obtained. 

Fossil wood is in this area abundant in the Pegus, and is some¬ 
times silicified, sometimes carbonised. Logs up to 25 feet in length 
and up to 3 feet diameter were found in the Kyctyin stream south 
of Letpan (south-east comer of K/5). 

In sheet 84 K/10, the Pegus fall into three subdivisions roughly. 
The upper beds are current-bedded sandstones with fossil wood; 

Three sub-dlvlsions of ^ le noddle division is composed of alternations 
Pefnt north-west of of shale and sandstone, with occasional beds 
Myahif. 0 f fossils. The lower division is of 
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coarse sandstone with fossil wood. Roughly, these throe divisions 
may correspond with Upper Pegus, the Padaungs, and the Shwezetaw 
sandstones. But it cannot be determined whether the Singu stage 
comes in the upper part of the middle division or the basal beds 
of the upper, since the fossils are unidentifiable. 

In sheet 84 K/14 the Pegus become earthy and fluviatile deposits, 
and, although they simulate the Irrawaddy beds, 1 formed the 
opinion when mapping this area that the Irrawaddy beds overlap 
the Pegus, whilst the Pegus themselves are thinning down; thus 
near Myaing the Pegus are almost entirely overlapped, and the 
Irrawaddy beds rest on about 1,000 feet of fluviatile beds which 
may be Pegu or older, and these in turn on the Yaw stage at 
Myaing and along the Myaing anticline to the south. 



CHAPTER X. 


r he pegus of the yenangyat and singu oilfields, 

AND OF THE PAGAN AND GWEGYO HILLS. 

It will bo advisable to commence the description of the Pegus 
of the oilfields with the Singu exposures. 

The Singu anticline lies in sheet 84 L/13, and is bounded on the 
north-west by the Irrawaddy river. On the other side of the 
river, the anticline continues in a X. N. AY. direction for about 
thirty miles, but it is known as tin* Yenangvat field. The fold 

is asymmetric, being steeper on the eastern flank ; this contrasts 
with the Ngaldaindjrdwin fold which has a steeper western limb. 

Owing to the development of a fold-fault in 
Thickness of Pegus at the eastern flank of the anticline, the upper 
Pegus ait* cut out on the eastern side ot the 
anticlinal crest. Sir E. II. Pascoe 1 gi\es a thickness of 1,450 feet 
of Pegu beds east of the crest in the latitude of Ohaukywa, and the 
thickness of the Pegus west of the crest is probably 2,400 feet 
according to Kao Bahadur S. H. Rau J , or 2.450 feet according to 
(i. K. Grimes. Tin* difference in thickness is thus about 950 to 

1.0(H) feet. 

In the map accompanying Mr. Hans paper, the various fossil 

beds are traced on either limb, and it is evident that the missing 
beds are the uppermost Pegus. Mr. Rail 

regards the uppermost 900 feet as the equi¬ 
valents of part of the Kama stage, that is, its lower portion. The 
beds are alternates of sandstone, shale, and impure limestone. 
These beds have onlv a few poorly preserved fossils. At the top 
of the formation is a bed known as the ‘ White Sand'. 

G. E. Grimes 11 thus describes the AY lute Sand - 

4 The uppermost bed of tbe upper miocene is when present, quite distant 
from the beds below, and it ean be easily identified, ctqieujdh as its colour is fto 
conspicuous, that it can often be distinguished at a eon- 
sidemblo distance off . It usually contains 


Mr. S. R. Rau‘s work. 


While sand. 


1 Sir E. H. i’aftcoe, Oilfield** of Burma, Mem. Geol. Svrv. Itvi., XL, Ft. 1, p 110, 
(1912). 

1 Hao Bhdr. S. R. Rau, Stratigraphy of Singu-Yonangyat Area, lice. Geol. Sure. 
lnd. t L11I, p. 321, (1922). 

» Mem. Geol. Surv. lnd. t XXVIII, p. 40. (19010. 
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piocrs of gypsum, and in a few places fragments of wood partly replaced by oxide 

of iron, etc., these last are very friable. This upper sand is of very variable 

thickness ; it is exposed all along the western mioeene boundary of the Singu 
Yenangynt anticline, but, with the exception of a small length at the southern end, 
it is not piesent on the eastern side.’ 

Mr. Ran states that the White Sand in the Singu held is 10 to 
50 foot thick, and that there are many ferruginous beds interval ded 
with it grading from brick-red sandstone to lateritic conglomerate. 

Above the White Sand lies the basal bed of the Irrawaddv 
series, the Ferruginous Conglomerate or Ferruginous Earth bed. 
These two strata are constant all along the western flank of the 
Singu-Ycnangyat fold. 

Below the Kama stage at Singu there are exposed about 1,500 
feet of highly fossiliferous beds, in which Mr. Ran traced ten fossil 
beds. These are alternations of well-bedded sandstone and him 1 
shale with marl or limestone bands. 

E. Vredenburg has made a careful analysis of the fauna 1 of 
these beds, and concluded that it was Oligocene, and probably of 
Sin u stage Chattian ago, and that all the ten fossil beds 

constituted a single stage which he named the 
‘ Singu stage The assemblage of fossils is very similar to 
those collected by myself from the beds immediately above tin* 
Padaung clay in the Ngape section. Vredenburg showed that the 
Singu stage comes immediately above the Padaung clay stage. 

The following is a list of the fauna of the Singu stage : — 

Echinoidea :— 

Thylechinus selhurartue, Vred. 

Corals :— 

Dendrophyllia digitalis , Blainvillc. 

Dendrophyllia tnacroriana, Pascoe & Cotter. 

**+pa racyalhus sp. cf. tasmanicus. 

* Eupsammia sp. (non Eupsammia rcgalis , Alcock). 

Lamellibranchiata :— 

Lima proto squamosa, Noetl. 

*Chlamys irravadicus, Noetl. 

Plena sues8iana, Noetl. 

** Vulsella lingua-tigris , Noetl. 

S/ptifer nicobaricus, Reeve. 


1 Jtec* Otd. Surv . Ind LIU, p. 381, (1032). 
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Modiola buddhaica , Noetl. 

IAthophaga sp. 

*Arca bistrigata , Dunker. 

***Nucvla alcocki , Noetl. 

Nncnlana (?) Inrmanica , Noetl. 
f 'a rd it a scabrosa , Noetl. 

Cardita (Arcinella) tjuUimarensis, Martin. 

** Venerteardia noetlingi , nom. now 1 
Crassatclla dieaeri, Noetl. 

**('urdium (Trachijcardium) minbuense, Noetl. 

Mcux'ardta metavulgar is , Noetl. 

Ahtigona granosa (Sow.) 

**Pitar protolilacina , Noetl. 

***Pitar amggdaloides , Noetl. 

***Tirela protophilippinarum , Noetl. 

**A}X)lymetis giime^i, Noetl. 

*Guri kingi f Noetl. 

dcuteiokingi . Noetl. 

Corbula ragout, Sow. 

Seaphopoda : 

**I)v)dalium junghuhni , Martin. 

(rfistropoda : - 

*** Archil ectonica maxima , Philippi. 

CaUiostoma singuen vc, Yred. 

** Basil issa loriobwa , Noetl. 

**Turrica protomouilifera , Noetl. 

*Ca lyptraea rugosa , Noetl. 

***Natica obscura , Sow. 

***$igarclus ncritoidcs, Liune. 

**Turritella angulata . Sow. 

* Turrit cl la magnspcrula , Sacco. 

Vi vary a i^emeuili , DArchiac. 

*Cassi$ birmanica , Vred. 

**Galcodea echinophora , Linn. 

*Ficus cimditus , Brongn. var singuevsis, Vred. 

'This sjx'cieM is identified by F. Noetlipg, [Pol. /nd., N. S., Vol. I, Pt. 3, p. 167, 
PI. IX, tigs. 0 & 7, (1901)] as L'ardita viqut&nclt, D’Arohiac & Haime. D’Anhiac and 
Haime's species is, however, from tho l^aki stage of India, and it has been pointed out 
by L. R. Cox (Tian*. Poy. Noe. Edtn., LV1I, Pt. 1, (No. 2), p. 70, (1931)], that the Burmese 
species is quite different. Noetling’s species may therefore be known as C. noetlingi. 
Noetling has (p. J70) described another species as Cardiia ef. t\ tnutahilis, D’A. & H. 
TJiis again is from the Ghasij shale and is also recorded from the Ranikot beds. 

H 2 



do 


COTTER : GEOLOGY OP PARTS OP M1NBU, ETC. 


Cypraea (Cypraeotriina) oppenhcimi, Vred. 

Cypraea (Bemayia) singuetisis, Vred. 

**Distorsio reticulata, Linn. var. subelathrata , D’Orb. 

*Tritonidea martiniana (Noetl.) 

Thais singuetisis, Vred. 

***-Clavilithes seminudus, Noetl. 

Fflswm basilicum, Bellardi. 

***Mdongena praeponderosa, Vred. 

Melongena pseudobucephala Noetl. 

Melotigena acanthina (Dalton). 

*Athleta jaeobsi, Vred. 

*Lacinia minbucnsis, Vred. 

Mitra singuetisis, Vred. 

Marginella singuetisis, Vred. 

***Olivantillaria nebulosa, Lmk. var pupa, Sow. 

Ancilla (Sparella) birmanica , Vred. 

Tunis singuetisis, Vred. 

Clavatula (Perrona) birmanica, Vred. var. singumsis, Vred. 
*Clavatula proionodifera, Noetl. 

*Genotia inavadica, Noetl. 

Genolia singuetisis, Vred. 

***Cotius odengensis, Martin var. avaensis, Noetl. 

*Conu8 ineditus, Michelotti. 

*Terebra quettensis, Vred. 

*Surcula feddeni, Noetl. 

Arthropod a :— 

***Balanus ( Chirona) birmanicus, With era. 

***Calianassa birmanica, Noetl. 

In the foregoing list the species marked with one asterisk are 
found in the beds below (Yenangyat or Minbu), those marked with 
t*o asterisks in the beds above (Kama), and three asterisks mean 
that the species rrnges both into the stage below and that above. 
Fifteen species are found in the stage below, and not in the 
stage above; nine species in the stage above 
** ****** of snip, anc i not in the stage below, and thirteen species 
range both above and below. 

Vreden burg regards the fauna as Chattian (or late Oligooene). 
Generally his reasons are as follows :— 

(1) There is a very close relationship with the Yenangyat or 
Padaung fauna; the relationship to the Kama stage is more distant* 
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(2) There are several distinctly Oiigocene species. Vasum basil- 
icum and Turritella magnmperula are from the Oligocenc of Europe. 
Terebra quettensis and Conus inedilus are found in the Nari of India. 

On the other hand there are several Miocene elements; thus 
several species range up into the Kama stage ; some (Conus oden- 
gensis, Vicarya verneuili , Turritella angulata, Olivancillaria nelndosa 
var. pupa) occur also in the Gaj of India. 

Cypraea xinguensis is very close to C. humerosa, Bow. which 
is a typical Gaj form ; on the other hand Thylechinus is found in 
the Nari of Baluchistan. 


It has been mentioned above that Mr. B. R. Rau traced ten 
fossil beds in the Singu field. He succeeded in tracing three of 
these beds into the Yenangyat anticline across 
Singu fossil beds in the Irrawaddy river. These beds were (1) the 
lowest bed, which is exposed on the crest at 
Singu ; this is known as the Dendrophyllia heel, and this bed is 
easily recognised bv its assemblage of fossils. Dendrophyllia macro - 
riana , D. digitalis , Antigona granosa , Sucuhi, Cypraea.. (2) the 
‘ Pyrula ' bed with Melongena and Vicarya , and (d) the Mytihis 
(Septifer) tticobaricus bed. which is th*' uppermost of the beds mapped 
in Singu. 

The Dendrophyllia bed was traced for about two miles west of 
the anticlinal crest in the country west of Kyauksaung. a village 
live miles south of Yenangyat. In Singu its stratigraphical distance 
above the crest was dOO feet. Near Kyauksaung, the distance 
was 1,270 feet. This indicates that the crest has risen between 
Singu and Kyauksaung by nearly 1,000 feet. 

According to Sir E. H. Pascoe 1 , there is a rise in the crest to 

the north between Block 17 south of Kyauksaung and Yenangyat 

village. This works out from his sections at 

Rise in the anticlinal 1 700 feet. Assuming that at Kyauksaung it- 
crest of Yenangyat fold. ’ . . . * * - , f 

self the crestal beds are say, 200 feet lower 

than in Block 17 that the crest has risen by 200 feet) then 

the difference in stratigraphical horizon of the crest at Yenangyat 
and at Kyauksaung would he 1,500 feet and the difference between 
Singu and Yenangyat village area would be 2,770 feet. 

It is clear then from Mr. Rau’s work that the crestal beds of 
Yenangyat are very much older than those of the Singu field, and 


1 Op. cit* t PL XXXI. 
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it is not surprising that they should turn out to belong to an older 
stage, viz., the Padaung stage. 

Mr. Rau’s work extended only to the southern part of the 
Yenangyat field. In this southern part, the following fossils were 
collected from the Red Conglomerate that lies on the Irrawaddy— 
Pegu boundary on the west margin of the anticline :— 

Tata {Rivukirouhs) spinifera , Annandale. 

Batissa sethurawae , Vred. 

But although Mr. Rau was able to trace some of the Singu fossil 
beds into southern Yenangyat, the facies of the Singu stage was 
seen to be gradually changing, and the stage was becoming more 
and more of an estuarine character. This accounts for the fact 
that near Kyauksaung only three out of the ton beds could be 
traced, while, in the latitude of Yenangyat, those three fossil beds 
can no longer be traced. The bands of fossiliforous marls and 
limestones are replaced by shale and sandstone. 

Geological maps of the Yenangyat oilfield have been published 
by G. E. Grimes 1 , Sir E. H. Pascoe, 2 and for the northern part 
by myself 8 , and in the memoirs and paper accompanying these 
maps, descriptions of the strata arc given. The Singu stage 1 , which 
Mr. Rau showed was changing laterally into a more estuarine type 
of beds as one travels north towards Yenangyat, becomes fully 
estuarine in the northern section mapped by 
Change In facie* of myself. Here the Kama and Singu stages 
ngu stage. together are about 2,000 feet ; the uppermost 

300-400 feet are fluviatile with red beds and much fossil wood ; 
below these beds are 1,600 feet of strata consisting of current- 
bedded sandstones, pale silty shales, some red earth, some fossil 
wood, and a few bands of badly preserved fossils, amongst which 
were Balanus birmanicus , a large Ostraea , and bones of crocodile. 

Beneath the Singu stage comes a series of well bedded sandstones 
and shales, with limestone and marly bands and well preserved 
fossils. These beds are, in fact, very like the Singu stage at Singu, 
although they are in reality older. It may bo remarked that 
lithological resemblances between successions and strata of different 

1 Geology of parts of Myingyan, Magwe, and Pakokku District*, by G. E. Grimes 
Mem. Qeol. Surv. Ind ., XXVIII, p. 30, and PI. II, (1900). 

1 Oilfields of Burma, by Bir E. H. Paacoe, op. cit XL, PI. 29, (1912). 

* Northern Part of Yenangyat Oilfield, by O, de P. Cotter, Hec. (Jeol. Suro. Ind.. 
XXXVIII, p. 302, and PI. 28, (1910). 
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ages are common in Burma. Thus the Yaw river section, where 
the whole of the Pcgus rest upon the Yaw stage, is wry like the 
Ngahlaipgdwin section, where the Upper Pegus and Singu stage 
rest upon the Padaung clay. Without an examination of the 
fossils and a knowledge of their ranges, it would be easy to con¬ 
clude that the Padaung clay at Ngahlaingdwin 
Deceptive similarity of jg to be correlated with the Yaw shale. But 
sections of different age. ^ now know that the former is Oligocene, 

the latter Eocene. 


Thus F. Noetling regarded the fossiiiferous sandstones and shales 
of Yenangyat and of Singu as of approximately the same age. 
His fossil zones were founded to some extent upon these false litho¬ 
logical analogies; his lowest zone called : zone of Anoplotherium 
birmanicum’ applies to beds at Yenangyaung which are most 
probably well above the Singu stage ; he places the main fossil 
bed of Alinbu be!ow r that of Yenangyat, and he regaids the whole 
of the fauna as Miocene. Nevertheless that of Kama is clearly 
Miocene, that of Singu is probably uppcimost Oligocene, and that 
of Alinbu and Yenangyat are Oligocene, Yenangyat being the oldest. 
This sequence has been clearly proved by E. Yredenburg. 

It is remarkable also that only thirteen miles in a noith-tutterly 
direction from the northern termination of the Yenangyat anticlinal 
inker ol Pegu rocks, we find in the Myaing fold an utterly different 
sequence. There the Pegus are almost entirely cut out by the 
overlap of the Irrawaddy i-andstone, which rests, w.th only 1 COO 
feet of tiuviatile beds inteivtning, upon the Yaw stage. Yet m 
Yenangyat there are 3,740 feet of Pegu beds exposed, where the crest 
is at its highest, below the Irrawaddy beds, and the Yaw stage is 
nowhere exposed. 

If the thickness of beds at Singu above the Dvndrophyllia bed 
is 2,150 feet, as Mr. Kau calculates, it might be rashly assumed 

Attenuation ul Singu that the 3,740 of beds exposed west oi 
am) Kama stages at Yenangyat, only 1,590 ieet of beds, the lowest 
\ cnangyat. exposed, are older than the Dcndropkyllui hori¬ 

zon. That such a figure is too small is shown by the calculations 
quoted above from Mr. Kau's paper,* from which it is deduced that 
the crestal beds at Yenangyat are 2,770 feet lower than the crestul 
beds at Singu, where the Dendrophyllia bed is found about feet 
above the crest. The thickness of 3,740 feet is that gi\en by Sir 
E. H. Pascoe in liis memoir on the oilfields of Burma p. 110. It is 
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desirable that this figure should be rocliecked, as it see/us low for so 
wide an outciop. The Dendrophyllia bed cannot be traced in the 
strata of the upper Pegus west of Yenangyat, because of the 
change of facies, but it is to be assumed that the beds from the 
Singu stage upwards are considerably thinner than at Singu. This 
explains why the Yenangyat stage is more than 1,590 feet thick. 

Mr. Rau, on Plate 20 of the volume of the Records in which 
his paper appeared, has given comparative sections of the Singu 
and Yenangyat fields. These sections are reproduced on Plate 11. 
It will be seen that, if Mr. Rail’s section is measured, taking the 
scale as 1 inch=1,000 feet the thickness of Pegu beds above the 
crest works out at 4,800 feet. Yet the true thickness is 3,740 
feet 1 according to Sir E. H. Pascoe. 1 This, if conect, means that 
there has been a thinning down of strata as 
^ Mr. Rau’g compara- one travels northwards, amounting to 1,060 feet. 

It may reasonably be assumed that this thinning 
is a concomitant feature of the change of facies of the Singu stage 
and the beds above from marine to estuarine. 2 

Mr. Rau has drawn the sections side by side so as to bring the 
same beds in each section horizontally opposite. It would have 
been impossible to draw the actual thickness, because the Singu 
fossil beds are not found in the latitude of Yenangyat. but die out 
about 54 miles to the south. It is impossible to estimate at what 
horizons the thinnings out have occurred. Nevertheless it seems 
wise to point out that such thinning does occur, and that it affects 
in all probability the estuarine strata. 

It has been mentioned above that the fauna of Yenangyat is 
older than that of either Minbu or of Singu, and that it is correlated 
with the Padaung stage by E. Vredenburg. 

Fauna of Yenangyat The following is a list of the species identi- 
or Padaung stage. „ , ° r 

fied :— 

*Pecben (Chlamys) irravadicus , Noetl. 

Corals: 

**ParacycUhu8 sp. cf. tasmanicus. 

■ *Euj)8ammia (BalanophyUia) sp. 

1 Op. eit ., p. 110. 

* Note .—The difference in thickness of the Pegus east and west of the crest in the 
Singu-Yenangyat fold will be dealt with in the chapter on structure. 
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Lamellibranchiata : 

*Pecten ( Chlamys ) irravadicus , Noctl. 

*Arca Iristrigata , Dlinker. 

*Nucula alcocki, Noetl. 

**Lucina pagana , Noetl. 

Lucina d'Archiaciana , Noetl. 

*Pitar amygdaloides , Noetl. 

Tivela dubiosa , Noetl. 

**Tivela protophilippinarnm , Noetl. 

Tellina hilli , Noetl. 

**(iari kingi , Noetl. 

*Bicorbula prof of run rat a, Noetl. 

Gastropoda : 

*Architectonica maxima , Philippi. 

Calliostoma blanfotdi, Noetl. 

Torinia buddha, Noetl. 

Clathrus leptoplruratus, Noetl. 

**Natica callosa * Sow. 

**Natica obscura, Sow. 

** Sign ret us nerit aides , Linne. 

*Turrite1la magnspcrula , Sacco. 

*Calyptraea rugosa , Noetl. 

Ficus co nd it us, Brongn. 

*Cypraea ( Cypracolrivia) op}>enheimi, Yred. 

2'rivia noetlingi, Vred. 

Jlindsia neastriatula (Noetl.) 

**llindsia pardalis (Noetl.) 

Banella Ittbercularis (Noetl.) ( — Banella protithibcri ularis 
Noetl.) 

**Vlavilithes semimulus, Noetl. 

Lathyrus indicus, Vred. 

*Trilonidea fnartiniana (Noetl.) 

Murex ( Muricantha) iravadicus , Vred. 

Murex iravadicus var. yenanensis , Vred. 

*Athleta (Volutospina) jacobsi , Vred. 

*Mdongena acanthina (Dalton). 

*Athleta jacobsi , Vred. var. singuensis, Vred. 

Olivella minbuensis , Vred. 

Morica pseudooaneUata (Noetl.) 

Hindsia bxrmanica , Vred. 

*Surcula feddeni (Noetl.) 
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*Terebra quettensis , Vred. 

Turris (Hemipleuroioma) yenanensxs , Noetl. 

*Conus inodilus, Mich. 

Conus protofurvus, Noetl. 

Conus ( Conospira) galensis , Noetl. 

Arthropoda : 

**Balanvs (Chirona) birmanicus , Withers. 

In the above list, the species marked (*) occur in the Singu 
fauna, and those marked (**) occur in the stage above (Kama). 

Correlation with t5iC * ort y- six species listed, nineteen do not 
Padaung fauna of south occur in the Singu or Kama stages. Only ten 
Minbu * species range as far as the Kama stage. This 

fauna is correlated with the Padaung fauna of south Minim bv E. 
Vredenburg. In this type area of the Padaung clay Tritmidva 
maitiniana , Conus protofumis and other species of gastropods are 
found in conjunction with Lcpidocyclina theobaldi. Carter and a 
Schizaster allied to S. baluchistancnsis , D’Arch. 

The correlation is based not only upon the similarity of the 
faunas, but upon the strati graphical position, since the Singu fauna 
is found in the alternates immediately above the Padaung stage. 
The Padaung stage was correlated by me with the Vpper Nari of 
India, but E. Vredenburg has correlated the Singu stage with the 
Upper Nari, and places the Padaung stage immediately below. 
Vredenburg’s conclusions are, however, based upon a very much 
more extensive collection of fossils than were mine. My original 
paper was published in 1912, while the first paper of Vredenbuig 
upon this subject is dated 1920 ; in this interval a great amount 
of fieldwork Lad been done. I now accept the views of E. Vreden¬ 
burg. 

I have already mentioned that the topmost bed of the IVgus 
all along the western boundary in Singu and Yenangyat is the 
White Sand, and upon it the basal bed of the Irrawaddy series is 
known as the Ferruginous Conglomerate or Rod Earth. The 
White Sand varies in thickness from 10 to 50 feet; its brilliant 
white colour is due to kaolin. 

The eastern boundary will be discussed in the chapter upon the 
structure. In this memoir, 1 do not propose to repeat again what 
has been said about the Singu-Yenangyat field by G. E. Grimes 
and Sir E. H. Pascoc. The remarks made above are intended 
as supplementary to Sir E. H. Pascoe’s description. 
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The Pagan and Gwegyo hills lie mainly in sheets 84 K/16 and 
84 L/13. They have been described by G. E. Grimes in the paper 
previously quoted, and subsequently in two papers by Sir E. H. 
Pascoe, and myself. 1 

The Pagan hills commence about five miles south-east of Pagan 
and run for some fourteen miles in a S. S. E. direction. They 

Pa an hills form a landmark visible from great distances, 

since they rise suddenly and abruptly from a 
comparatively level alluvial plain. They are composed entirely 
of Pegu rocks, and consist mainly of rocks dipping W. S. W. at about 
35.° In a \ery few sections a small thickness of steeply dipping 
.Pegus are exposed on the east flank, and there is then an asymmetri¬ 
cal anticlinal fold. lint over the main body of the hills the steeply 
dipping eastern limb has been destroyed by fold-faulting. 

The upper beds of the Pegus hero consist of alternations of 
sandstone and shale, but sandstone predominates. The thickness 
of the Pegus is between 2,000 and 2,500 feet (Grimes). The lowest 
beds exposed near the centre of the lulls are shale of a deep blue 
colour, which contrasts with the greenish grey colour of the upper 
shales. As these hills are arranged in echelon with the Gwegyo 
hills to the south, it is to be assumed that they are the same strata 
of Pegus ; if that is so, then it may be assumed that the uppei 
beds are Singu stage, and the basal beds Yenangyat stage. The 
structure will be discussed in a later chapter. 

The Gwegyo hills trend in the same S. 8. E. direction as the 
Pagan hills, but are aligned in echelon to them, being nearer to 

Gw hllU. Yenangyat hills than are the Pagan hills. 

Gwegyo hilU. They rise from fairly level ground abruptly as 

do the Pagan hills, but there is less alluvium, and more exposuies 
of Irrawaddy sandstone around them. To the S. 8. E. there is a 
continuation of Pegu beds in more or less sunken relief; this is 
known as the Payagyigon-Ngashandaung field, (although it has been 
more or less a failure as an oilfield). 

Tlie Gwegyo hills themselves are about 14i miles long; there 
is then an alluvial tract 2£ miles wide, and then the Pegu outcrop 


1 Sir E. H. Paacoe, The Northern Part of the Gwegyo Anticline. Her. (itoi. <S’wrr. 
lnd ., XXXIV, p. 261,(1906). 

G. do P. Cotter, Southern Part of the Gwegyo HilJa, op. rt/., XXXYU, p. 22f>, 
(1909). 

it* uho »Sir K. H. Puaooc, Oilfield* of Purnia, Mrm . (Jed . fiurv. Ind. t XI*, (1912). 
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of the Gwegyo hills is continued to the S. S. E. as an area of sunken 
relief for seven and a half miles. In the map accompanying this 
paper only the northern part of the hills is shown, but it is necessary 
to treat the whole outcrop as a unit for descriptive purposes. 

Unlike the Pagan hills, says Grimes, shales are here predominant, 
and the beds resemble those of Singu, but the uppermost White 
Sand bed is missing. There is much selenite and some calcite 
laminae in the shiles. 

Although shales predominate, there is a capping layer of hard 
sandstone, and the dip is W. S. W. at angles generally from 30° 
to 40°, or perhaps more. The anticline has been destroyed by 
fold-faulting, and only the westerly dipping limb remains; the 
steep easterly dipping limb has disappeared. In the Payagyigon- 
Ngashandaung field, the rarity of sandstone reinforcements has 
caused the shales to be excavated below the level of the surrounding 
country. There are traces of the anticlinal fold in the extreme 
north of the hills and also in the southern termination near Ngashan- 
daung. 

No fossils have been collected from the Pagan hills by the Geo¬ 
logical Survey of India. Near the village of Tetma y which lies at 

Tetma fauna tl ie northern extremity of the Gwegyo hills, 

a collection has been made, from which the 
following species were described by E. Vredenburg:— 

Surcula birmaniea , Vred. 

AnciUa (Sparella) indica , Vred. var. araJutnensis, Vred. 

Athleta (Volutospina) jacobsi , Vred. 

Turricula birmaniea. Vred. 

Fuscus buddhaicus , Vred. 

Lathyru8 sindierms , Vred. var. birmaniea, Vred. 

Lathy ms indicus , Vred. 

Melongena (Pugilina) praeponderosa, Vred. 

This fauna is regarded by E. Vredenburg as of Padaung age. 

From a stream-bed about 2 miles S. 8. W. of Kyauktan village 
in the Gwegyo hills, at a horizon high up in the Pegu strata of those 
hills, I obtained a collection, of which I have 
h ,F.-n. - of Owcjyo given the identifications in my paf>cr above 
quoted. Amongst these were— 

TeUina hiUi, Noetl. 

Tivela prolophUippinarum , Noetl. 

Turritella angulala , Sow. 
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Hindsia pardalis (Noetl.) 

Ilindsia birmanica , Vred. 

The identifications have been revised in accordance with E. 
Vredenburg’s revision of Noetling’s work. Very possibly this fauna 
is of Singu age, but it is so scanty that we cannot be certain, and 
it may be as old as Padaung. 

Good collections of fossils were made by myself from the northern 
end of the Payagyigon-Ngashandaung field to the south of the 


Padaung stage fauna 
of Payagyfgoa. 


Gwegyo hills. Full lists of these are given 
in my paper above quoted. Further collec¬ 
tions were made about three miles to the south. 


I shall not repeat again here the lists already published, but it is 


perhaps worthwhile to give a list of those species which E. Yreden- 


burg iu his papers upon Indian Tertiary Gastropoda (sec ante) 


identified from Pavagyigon. The list is as follows :— 


Surcuhi (Pleurofusia) feddeni, Noetl. 

Surcula (Pleurofusia) fusus , Vred. 

Tunis (Hemipleurotoma) humilis , Beyrich, var. imvadxca , Vred. 
Conus ineditus , Michelotti. 

Athleta (V dulospina) jacobsi , Vred. 

Turricula birmanica , Vred. 

Fusus Kumei , Vred. 

Lyria varicosa, Vred. 

Euthriofusus alomprac, Vred. 

Ixithyrus sindiensis , Vred., var. birmanica, Vred. 

Siphonaha coUeri , Vred. 

Cyrtochetus niinbuensis (Noetl.) 

Tritonidca martiniana (Noetl.) var. arakanensis , Vred. 


The fauna is clearly Oligocene. Vredenburg places it in the 
Padaung stage. 



CHAPTER XI. 


THE IRRAWADDY SERIES AND THE MAW GRAVELS. 

The term * Irrawaddy series ’ was first used by F. Noetling to 
denote the freshwater series which is found resting upon the Pegu 
beds in upper Burma, and especially in the type area of Yenang- 
yaung. 1 It has been explained in Chapter IX that this term is 
not quite synonymous with W. Theobald's term 4 Fossil Wood 

Group * used in Lower Burma. Unlike many of Noetling’s terms, 
such as ‘ Yenangyaungian ‘ Promeian ‘ Zone of so-and-so \ 4 Bas- 
sein series ’, 4 Chin shales etc., this term has flourished and pre¬ 
vailed over the older although less happily chosen 4 Fossil Wood 
group * of Theobald. 

The Irrawaddy series occupies a very large tract of country 
in the central great synclinal basin which lies between the Arakan 
and Pegu Yomas. Although it contains, in a 

few places, pockets of clay, it is generally a 

deposit of soft sand-rock, always current-bedded, with interstratified 
brown and red earth beds, pebble beds, some hard sandstones, 
gravels, and conglomerates. In the south of Minbu district, in 
the valleys of the Man and Mon rivers, the Irrawaddy series are 

very full of gravel ; this gravel facies is also developed in Thayetmyo 
and in the country to the south. Around the oilfields, gravels 
are quite subordinate, and soft sand-rock is by far the most predom¬ 
inant type. 

As has been mentioned in the preceding chapter, the basal bod 
in the oilfields area is a red earth or red conglomerate, or some¬ 
times a mottled red and yellow earthy deposit. 

ElomeratVblSriTd. 00 "’ At Yenangyaung this bed is 5 or 6 feet thick, 
and above this there are some ferruginous 
conglomerates interstratified in the basal beds of the sand-rock. 

This basal bed is continuous all along the western boundary 
of the Singu-Yenangyat fold. In the north of the Yenangyat 
field, some sections show a deposit that has all the appearance of 
laterite at this horizon. The thickness in Singu varies from two or 
three feet to a maximum of six feet. It has been noted in the last 


1 flee, Otd. Surv . Ind. t XXVIII, p. 76, (1896). 
( iOO ) 
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chapter that in the southern part of the Yenangyat field, Batissa 
fteJJiuramae and Tula spinifera were found in this bed by Mr. Ran. 
In the extreme north of the Yenangyat fold, the basal Rod Bed is 
well developed and is of increased thickness. It can be traced 
round the nose of the plunging anticline, but on the eastern boundary 
becomes breceiated by the fold-fault, and is finally cut out altoge¬ 
ther. In the (iwegyo fold and the Payagyigon extension, the basal 
red bed is also developed ; it is three or four feet thick and grades 
from a conglomerate to an earth. 

The transition in the Payagyigon extension from Irrawaddy 
current-bedded sandstones with a basal red bed to Pegu blue shales 
is very sharp ; marine fossils have been found within a hundred 
feet of the basul red bed, and one must assume an unconformity 
here. The same sudden transition from current-bedded Irrawaddy 
sandstones to marine Yaw stage is found in the south of the Myaing 
fold ; the Irrawaddy series overlap the Pegus completely. But to 
the north-west of Myaing, Pegu beds intervene between the Irra¬ 
waddy beds and the Yaws, and the Pegus are of a very shallow 
water facies, so that the transition is gradual. It is clear that 
while in some sections the Pegus are partly or even wholely denuded, 
in others they are fairly complete. 


The more marked unconformities are however characteristic of 
the belt of country which runs through Myaing in a S. 8. E. direc- 

Unconformity marked tio "- This l,clt mrlu,les the M . vain S anticline, 
along line Myaing- and the Pagan and Gwegyo hills. In the 
Payagyigon. northern part of Yenangyat, there are about 

2,000 feet of estuarine and fluviatile Pegus under the Irrawaddy 
basal bed, and it is very probable that the upper part of these beds 
represents the Miocene. It is true that in the absence of fossils, 
the age is purely conjectural, but it has been shown in the last 
chapter that there has been a shrinkage in thicknesses of the upper 
beds. In Singu, Mr. Rau regards the upper Pegu beds at Singu, 
above the fossiliferous belt, as of Kama age, that is Miocene. 

Along the western margin of the great synclinc of Irrawaddy 

Weotein boundary l>eds > ifc i 8 Probable that the stratigraphical 
shows slight unconfor- gap below the basal Irrawaddy conglomerates 
m,ty * is very small. 

It has been shown in Chapter IX (page 76) that the Pyalo 
stage is developed at the top of the Pegus in sheet 84 L/C. The 
stratigraphical gap is therefore negligible in this area. Further 
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north in the same sheet near Kuyingyauk it has been mentioned 
that Batissa birmanica and B. Kodoungensis are found in the top 
zones of the Pegus. This fauna is regarded by E. Vrcdenburg as 
the estuarine equivalent of the Pyalo fauna. Again in sheet 84 
K 6, B. crawfurdi occurs ; this seems to indicate the same stage. 
VVe may, therefore, assume that a fairly complete thickness of 
Pegus is developed all along the western boundary, and that the 
unconformity is negligible. 

It has been stated that the basal bed of the Irrawaddy series 
is a red earth or red conglomerate. This is true of the oilfields 

Enormous ttilckne»s (Yenangyaung, Sinyu. Yenangyat) and for the 
of conglomerates near Pagan and Gwegyo hills and the Myaing anti- 
cline. Along the western margin of the Irra¬ 
waddy synclinal basin, the case is not so simple. Near Mezali in 
sheet 84 L/7, which lies south of the area shown in the map (Plate 
7), ferruginous conglomerates attain great thicknesses, up to 4,000 
feet, and contain large trunks of fossil wood. Only in the upper 
l>eds are the Irrawaddy series sandy. 

Although there is a gradual change of facies as one moves north¬ 
wards, whereby the series becomes more of the sand-rock type 1 , 
yet the ferruginous basal conglomerate still 
inges n «cc«. f orrns steep hills in the Kamedaung aroa in 
the southern half of 84 L/5. Here, large pebbles 8 to 4 inches in 
diameter are set in a ferruginous cement. There are many similar 
conglomerates overlying the basal bed. There is a little fossil 
wood, and some sandstones and shales with vertebrate remains in 
the lower beds. The Upper Irrawaddy beds are soft sandstones 
and buff silts, but the uppermost beds seen at Nellingontaung and 
Nalletaung in sheet 84 L/9 are again conglomerates and gritty 
sandstones with quartzite pebbles. 

H. S. Bion states that the basal bed of conglomerate is up to 
20 feet thick in the south of sheet 84 L/6. 

H. S. Bion had some difficulty in tracing the basal red IhmI 
through sheet 84 K/7. He found that it was irregularly developed, 
and its horizon confused by the appearance 
a b° ve an( * b®low of other similar beds. In 
sheet 84 K/7, the boundary taken by myself 
as the Pegu-Irrawaddy boundary was a conspicuous bed of red 
gravel and earth. When H. S. Bion and I compared notes, it was 
found that his boundary and mine joined up exaotly, although he 
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had had some uncertainly when tracing it northwards. However, 
in sheet 84 K/7, the Upper Pegus did not differ much from the Irra¬ 
waddy beds above; the Pegu sandstones were a deeper shade of 
buff, rather harder, somewhat less current-bedded, but the differ¬ 
ence was slight. These differences were, how- 
In KVw a vlliiJy b0U,M * ary ever, found to vanish completely in sheet 84 
K/G, where the Upper Pegus and the Lower 
Irrawaddys were exactly alike. The basal red bed was traced to 
a point close to the Yebok stream, 1 but was not visible in the stream 
itself, nor for about three miles to the north. Along this tract 
there was a perfectly gradual transition, and no mappable boundary, 
but a line was obtained by walking along the strike. 

The median Pegu red bed described in Chapter IX was, however, 
well developed. In the north of sheet 84 K/G, on the road from 
M „ ... Gaungbaung to Zibya, the median Pegu red 

base of Irrawaddian bed is exceptionally thick. Above it are many 
valley n<>rth Kyaw thinner red beds with interstratified current- 

bedded sands, and these seem to be particu¬ 
larly numerous along the strike of the boundary, but it is impossible 
to identify here the bed which was fixed upon in the south as a 
boundary. 

In the sections through the Kyaukthahoik and Kyaw streams 

in the north-east corner of sheet 84 K/G, these red gravels are 
seen to be lenticular in the current-bedded sandstones. It is, 

therefore, quite clear that the Pegu-Irrawaddy boundary is un- 
mappable here. 

In sheet 84 K/10, there is a basal red bed which can be traced 
from Aingma to Tabaukkon in the centre of the sheet. This bed 
however is not traceable north of Aingma, and the boundary that 
passes Leo-chaung-te towards Moksokon in sheet 84 K 6, has been 
obtained by drawing a line along the strike, but it must be noted 
that the upper Pegus and the lower Irrawaddys in this tract arc 
exactly alike. 

There are several red beds in this area, but they are either too 
BtMl red bed of high or *°° ^ ow colT icidf' with the bed taken 
Irrawaddy scries again elsewhere as the boundary. East of Tabauk- 
found at Tabaukkon. kb n> r0( J bed is traceable as far as the 

19th milepost on the cart-road to Myaing. 

1 That is, tho stream which nms from Yebyu to tho Kvaw river in the south of sl eet 
84 K/«. 

I 
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The Pegus of this eastern portion of the sheet are of a more 
marine type and their facies afford some means of distinguishing 
them from the Irrawaddys. But the red bed fails, and the transi¬ 
tion from Irrawaddy to Pegu is gradual, as it was in the same lati¬ 
tude to the west in 84 K/6. The line mapped here is the line where 
freshwater beds pass into shallow marine beds underneath. The 
boundary however is vague in the extreme, and owing to the rocks 
being partly obscured by soil-cap, it is very uncertain that the 
same horizon is being traced. For this reason it is possible that 
the local base of the Irrawaddys south of Myaing may be older 
than the base as mapped elsewhere. The discovery of good ver¬ 
tebrate fossils would settle this question. 

It is not suggested that the base of the Irrawaddy series varies 
greatly; none of the freshwater beds mapped as Irrawaddy series 
are in my opinion likely to prove older than Yindobonian, but it 
is quite possible, as has indeed been suggested by Dr. Stuart, that 
the Akauktauktaung stage of Henzada is contemporaneous with the 
oldest of the Irrawaddy beds. 

The base of the Irrawaddy series is regarded as Dhok Pathan 
stage by G. E. Pilgrim, 1 since the assemblage 
bwribed.° f ,rraWaddy vertebrates is characteristic of that stage. 

Dr. Pilgrim gives the following list of species 
of vertebrates identified from the lower Irrawaddys of Yenan- 
gyaung 2 

Pro8tegodon latidens , Clift. 

Aceratherium lydekkeri , Pilg. 

Hipparion punjabiense, F. & C. 

Merycopotamus dissimilis, F. & C. 

Tetraconodon minor, Pilg. 

Hippopotamus iravaticus, F. & C. 

Tauroiragus latidens , Lyd. 

Cervus sp. 

In the Pegus beds below the red bed F. Noetling obtained a 
tooth which he erroneously referred to Anopkkherium, but which 
was in reality a lower molar of Dorcatherium. 
tt \am!gymng. ,n,aI1 ■^ 11S caimo t be older in Dr. Pilgrim’s opinion 
than Lower Siwalik or Chinji age, (Tor to man). 

1 The Lower Canine of Tetraconodon, Bee. QeoL Surv. Ind., LX. p. 180, (1027). 

* Op. dt., XL, p. 196, (1910). 
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The unconformity at Yenangyaung is therefore not very great, since 
the vertebrate fauna of the basal Irrawaddys is referred to the 
Dhok Pathan stage (Pontian). 

If, however, Dr. L. D. Stamp’s views are to be accepted, 1 the 
base of the Irrawaddy sandstone at Yenangyaung may be as old 
as Nagri. He points out that Dr. Pilgrim in the list given above 
has combined the specimens from two different horizons. Dr. 
Stamp quotes Noetling’s original description, whereby it appears 
that Mastodon latidcns and Hippopotamus irravatirus come from 
higher horizons of the series at Yenangyaung, having been probably 
collected from the exposures along the river bank. 

It seems to me, however, that the fauna, even with the exclusion 
of these two species, is far more likely to be 
ttccepted <an,P *' ,CW n0t °f Dhok Pathan than of Nagri age. Dr. Pil¬ 
grim in the more recent of the two papers 
above quoted says :— 

4 Since no Nagri species has been recognised at Yenangyaung, it would be 
an unwarranted assumption to put the age of Tetracoiiodon viinor as early as the 
Nagri horizon. Since the majority of fossils found belong to typical Dhok Pathan 
(Pontian) Hpecies, it will be better to accept that as the age of Tclraconodon minor.’ 

In the Lower Chindwin district, near Taungbvinnge in sheet 
84 J/13, which is some 35 miles north of the area shown on the 

B*k of Irrawaddy ma P ( Plato Mr ' A - E - Da . v of the Indo * 
scries older in Chindwin Burma Petroleum Co. collected a line series 
than in Yenangyaung. Q f Proboscidian teeth. All the species appear¬ 
ed to be new. Dr. Pilgrim identified the following :— 

Mastodon cf. M. falconeri. 

Mastodon cf. M . angustidens var. palaeindicus. 

Mastodon cf. M. pandionis. 

A specimen possibly ancestral to Prostegodon latidcns . 

A specimen recalling Hemimastodon crepusculi. 

Listrtodon pentapotamiw. 

Dr. Pilgrim concluded that the horizon was of Chinji age. 2 

From the above result, it may be inferred that the basal beds 
of the Irrawaddy series are older in the Lower Chindwin district 
than in the synclinal basin in which the three great oilfields occur. 

1 L. D. Stamp, An Outline of the Tertiary Geology of Burma, (JeoL Mag., LIX, p. 
498, (1922). 

1 Ace. CM. Surv. Jnd LX, p. 18, (1927). 

I 2 
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In Lower Burma, at the base of the Irrawaddy scries, tho 
Irrawaddian fauna In following shells occur, 1 but they do not give 
Lower Burma. u8 any indication of the exact age :— 

Indonaia glyptica , Vred. & Persh. 

Parreyssia latouchei , Vred. & Persh. 

Acrostoma variabile (Benson). 

Near Chaingzauk in the south-west quadrant of sheet 84 K/10, 
Tatrot fauna of upper from a horizon fairly high in the Irrawaddy 
Irrawaddy bed*. series, I obtained the following species :— 

Stcgodon clifti. 

Sus giganteus. 

Rhinoceros sp. cf. sivalcnsis. 

Amphibos sp. 

A large antelope allied to Hippotragus. 

Teeth and horns of an antelope allied to Bosclaphus. 

There was also an enormous and ill preserved carapace of ('olos- 
sochelys alias in the bone bed, which was not removed. 

The fauna is Pliocene and in Dr. Pilgrim’s opinion represents 
the Tatrot stage. This agrees well with its stratigraphical position. 
The bed may perhaps approximate in age to the beds containing 
vertebrates in the river-cliff sections of Yenangyaung, where Hip¬ 
popotamus also occurs. 

Again, near Tingyokpin in the north-east quadrant of sheet 
84 K/ll, were found fragments of Rhinoceros and Stcgodon teeth ; 
these, although ill preserved, may well be the same species as those 
from Chaingzauk. 


The Maw Gravels and Sands. 

In sheets 84 J/4, K/l and K/2, in the valley of the Maw river 
between Tilin and Gangaw, newer Tertiary sands and gravels rest 
Discordance of Maw, unconformably upon Axiala, Laungshes, and 
with Axlals and Laung- Yaw stage rocks. There is discordance bet- 
shes * ween these beds and the Axials and Laungshes, 

upon the upturned edges of which they rest. Discordance is not 
marked along the junction with the Yaws, but there is a strati¬ 
graphical gap of considerable duration, representing the Oligocene 
portion of the Pegus. 

1 E. Vrodenburg & U. Prashad, Unionidce from tho Miocene of ftarwa, op. cii. 
LI, p. 371, (1920). 
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These rocks were termed by me the ‘Maw gravels’ 1 . Near 
Tilin where they were first discovered, they are gravels and red 
earth beds with a little fossil wood. In the Tantc stream £ mile 
west of Kunze in the north of K/2, they rest unconformably upoD 
the Cretaceous basal beds of the Laungshos. Here, the Laungs es 
have a moderate dip, while the gravels dip very gently to the south 
west. Again unconformity is seen in a section in the Maw river, 

|-mile 8. S. W. of Tharaka, a village over two miles south-east ot 
Tilin. Here gently dipping Maw gravels rest upon Axials which 
dip E. N. E. at 45°. 

The Maw gravels are disposed in a gentle synclinal fold, and 
dip gently as a rule, but in a few sections there are some steep loca 
dips. At mile 95, furlong 3 on the high road 

Synclinal told. (Q thc dips in the Maws are as much 

as 60° in a westerly direction, but this is quite exceptional. 

Near Tilin, the’ Maws are gravels mainly with some red earth. 
Near Ponna, about three miles beyond Tilin, they are mainly sands, 
and from this village to Shwekondaing, (sheet 
Lithology. ^ mi j e ]09 on main road) there are 

alternations of gravel and colour-banded sands. Thc colours of 
the sands are brick-red, buff, and bluish gray, recalling the colour- 
banding of the Pondaungs. 

Vertebrate fossils were found i-niilc south-east of Shwekondaing, 
and |-mile S. by W. from the neighbouring village of Ondaw. 

Amongst these was a specimen of Rhinoceros 
sp. cf. sivaknsis, with bones of crocodile. Mr. 
B. B. Gupta also found here Sus titan, Lyd. and Mastodon hasnoti ?, 

Sheets 84 K/l and J,4 were mapped by Mr. B. B. Gupta. A 
photograph by Mr. Gupta (see Plate 1) shows thc Maws restuig 
unconformably upon steeply dipping Axials at. a stream-section 
about nine furlongs west of Kanban (about the middle of shoe 
K/I). Mr. Gupta was struck by the close resemblence of the Maw- 
sands and gravels to thc Irrawaddy series. The pebbles, of which 
thc gravels were composed, were either quartzite or peb les rom 

the Axials. Thc size varied from one to six inches. 

In the north of sheet 84 K/l and in sheet 84 J/4, Mr. Gupta 
found a few bands of arcnacous shale in the Maw beds; these were 

of a bluish green colour when fresh and were interstratifiod with 

» Op cU., XLVII, p. 32, (1916b 



108 cotter: geology OP PARTS OP MINBtX, etc. 


gritty sandstones and ferruginous conglomerates. The whole series 
is synclinally folded, as in the Tilin area to the south. Fossil wood 
is abundant. Vertebrate fossils were found in the following loca¬ 
lities :— 

Sheet 84 J/4. 

(1) J-mile W. S. W. of Wetchiba. 

(2) f-mile north of Taungbyin. 

(3) \\-miles south of Lonhaw. 

The following species were identified from these localities :— 

Diceraiherium naricum , Pilg. 

Aceratherium perimense , F. & C. 

Tetrabelodon falconeri, Lyd. 

Tlemimeryx blanfordi, Lyd. 

Anthracotherium silistrense , Pent. 

Dinotherium pentapotamicc, Pilg. 

The fauna from Ondaw (Sus titan, Rhinoceros sivalcnsis and 
Mastodon hasnoti) points to a Middle Siwalik, and very probably 

a Dhok Pathan age. 

The fauna from the three localities in sheet 84 J4 is however 
older, and has species in common with the Lower Manehar or Kam- 
lial stage and with the Bugti beds. It is 

Lower Maw'beds ^ ° f hardly possible to be precise about the age, 
but it may be Helvetian or even as old as 

Burdigalian. The Lower Maw beds then seem to correspond with 

the freshwater Pegus above the median red bed described in Chapter 
IX. that is, with the Upper Pegus, and perhaps the upper beds of 
the Maws correspond with the basal Irrawaddy beds. 

There is no Tatrot age fauna in the Maws, and it may be regarded 
as certain that the great bulk of the Irrawaddy beds is of later 
age than the Maws. 

It has been mentioned above that in the Chindwin district 
north of the area shown in the map (see Plate 7) the basal Irrawaddys 

Irrawaddy beds of conta ^ n a ^ auna which is probably of Chinji 
Chindwin and Maws may age. It would seem then possible that both 

extend down to horizon the Maws and the Irrawaddys of this northern 
of median Pegu red bed . , ., . , , . . 

region have as their base a horizon which is 

represented, in the area shown in the present map, by the median 
red bed which splits the Pegus into an upper and a lower division. 
This median red bed, as the above description has indicated, is a 
marked feature in sheet 84 K/6 t while the UppBT Ted bed, which 
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has been taken as the basal Irrawaddy bed in the country to the 
south, is no longer mappable, all the beds above the median Pegu 
red bed being of Irrawaddy facies. It would not then be surprising 
to find that rocks of Irrawaddy type, but with a Lower Siwalik base, 
characterise the Chindwin districts. I have in a former paper 
shown 1 that there is a change of facies in the Tertiary deposits of 
Burma from marine to freshwater as one travels from south to 
north. 

1 The Geo tec tonics of the Tertiary IrrawnTiv (Jssin, Jour a. Asiat. Soe. Bengal, New 
Bor., XIV, p. 400, (1918). 



CHAPTER XII. 

PLEISTOCENE AND RECENT DEPOSITS. 


In the part of Burma which I am describing, the Quaternary 
and Recent deposits fall, as elsewhere, into two groups, an older 
and a newer alluvium. The old high level 
< Pto^au ’ deposes. °* a U uy i um has been termed the ‘ Plateau gravel ’ 
by F. Noetling . 1 Sir E. H. Pascoe 2 has dis¬ 
tinguished two types, the Plateau gravel proper, and the Plateau 
red earth, into which the gravels pass laterally in those places 
where the material which makes up the deposit is of a fine grain. Chip¬ 
ped flints are associated with these deposits, as Sir E. H. Pascoc 
has pointed out; these are of palaeolithic type. 

Sir E. H. Pascoe is inclined to regard the red earth as formed 
by a process which he calls 4 laterosis and he thinks that it is 
a deposit of sub-aerial origin. With regard to the gravels, he sug¬ 
gests that the pebbles are derived from the ferruginous conglo¬ 
merates of the Irrawaddy series. An alternative view however is 
to suppose that both the pebbles in the Irrawaddy beds and those 
of the Plateau gravel were derived from a common or similar source. 

The problem of the mode of deposition of these gravels is prob¬ 
ably intimately connected with that of sub-recent earth-movement 
in Burma. This question has been discussed by Prof. J. W. Gregory, 
Sir E. H. Pascoe, Dr. J. Coggin Brown, and others , 3 especially in 
regard to the changes in river-courses. I have already discussed 
this question in the first chapter. Since the Plateau gravel has 
been very fully dealt with in Sir E. H. Pascoe’s memoir, it is not 
necessary for me to give a fresh description. 

The gravel beds of the older alluvium appear to me to be con¬ 
nected with the sub-recent drainage system, and I consider that 
they have been elevated to their present high level by uplifts, due 
perhaps to warping movements. Thus I regard the Plateau gravels 

1 Mem. Qeol. Surv. Ind., XXVII, p. 100, (1898). 

* Oilfields of Burma, op. tit., XL, pp. 48-54, (1912). 

• For literature on sub-recent changes in the river-system of Burma, referonoe may 
he made to— Otog. Joum., XXX, p. 307, and LXI, p. 168; Mem. QtdL . Surv . Ind., 
XXXIX, p. 380, (1913); Quart . Joum. Qeol. Soc ., LXXV, p. 138, (1919); Rec . Oeol . 
Surv. Ind., XLIII, p. 178, (1913). See also Chap. 1, page 17 of this momoir. 

( no ) 
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of Yenangyaung as connected with a prehistoric Chindwin or Irra¬ 
waddy river. In Pakokku district, the gravel beds are found at 
high levels on either side of the Yaw river. Thus near milepost 
37 on the Pakokku-Pauk road, the old graVels are exposed in a 
cliff section, where they lie about 100 feet above the present level 
of the Yaw river. At various points in sheet 84 K/7, similar gravel- 
beds occur at a high level, as much as three hundred feet above 
the Yaw. Some of these beds contain boulders up to one foot in 
diameter. These pebbles and boulders appear to be derived from 
the schistose rocks of the Axials which are so common around 
Kanpetlct in sheet 84 K/4. 

If, as I think, the older gravels are formed by Pleistocene river 
action, they are water-borne deposits; this also applies to the 

Plateau gravels water- ^ ner matcr i a ^ or re< l earths. I therefore re- 
bome and due to Pkisto- gard an aeolian or sub-aerial origin as un- 
ccne river action. likely. The pebbles in my view have been 

transported by river action from the catchment areas of the rivers ; 
thus in my opinion the basal Irrawaddy ferruginous conglomerates 
are unlikely to be responsible for more than a very few of these 
pebbles, which probably come from the far north of Burma in the 
case of deposits near the Chindwin and lower Irrawaddy, and from 
the Yoma and Chin Hills in the case of the Yaw river area. 

I have elsewhere 1 alluded to the presence of large boulders G to 
8 feet in height, which are found in parts of Pakokku district. Per¬ 
haps these may have been brought to their present position by 
sudden floods. 

There is a large expanse of newer alluvium around Salin in 
sheet 84 L/10. The lake at Salin and another lake at Paunglin 
to the south-east are relics of a former bed of 
the Irrawaddy, which has changed its course, 
and now runs in a fairly straight line from Sale to Yenangyaung. 
Another broad expanse of alluvium traversed by the Yama stream 
lies in sheet 84 J/16. 

The newer alluvium consists of sands, clays, and silts, and is 
very fertile. 


New alluvium. 


1 Joum . Anat, Soe. Bengal , New Scr., XIV, p. 418, (11)18) 
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STRUCTURE. 

Broadly viewing the structure of the country shown in the 
map (see Plate 7), it will be observed that there is a central synclinal 
basin covered by Irrawaddy sandstones ex- 
baSn 1 * 1 * 1 geo8yncUnal tending throughout most of the townships of 
Salin, Seikpyu, and Pauk. On the west this 
basin is bounded by the anticlinorum of the Arakan Yoma, with 
its flanking anticlines of the Nwamataung, the Yeyodaung and 
Dudawtaung, the Pondaung and the Ponyadaung. On the east 
the synclinal basin extends to the anticlinorum of the Pegu Yoma, 
which lies well to the east of our map, but there is a tract near the 
axis of the syncline, where anticlinal folding, of minor intensity, 
as compared with that of the great flanking folds, has brought 
up older rocks from beneath the Irrawaddy sandstones. 

In sheet 84 K/iO, there is a gentle anticlinal swelling which 
causes the Pegu-Irrawaddy boundary to tongue out to the S. S. E. 

near Tabaukkon. If the axis of this swelling 
basjn diai1 foWing ° f is extended to the S. S. E., the Yenangyat- 
Singu fold lies in the same line, as does also 
the Yenangyaung fold to the south in sheet 84 L/14, and the Ondwe 
fold still further to the south. This line of minor folding bisects 
the great synclinal basin from N. N. \V. to S. S. E., and upon it 
the three great oilfields of Burma, Yenangyaung, Singu, and Yenan- 
gyat, are situated. Curiously enough the Ondwe fold has proved 
unproductive. 

Parallel with this line and to the east, about ten to twelve miles 
distant, another line of folding gives rise to the Myaing anticline, 

. and the Pagan, and the Gwegyo hills and 

Myalng-Owegyo fold.. ^ Wetc}lok .y edwet fo j d It must be noted 

that the Gwegyo hills are aligned in echelon with the Pagan hills, 
but, broadly, they are to be regarded as upon the same line of fold¬ 
ing. 

While the folding along the Yenangyat-Singu-Yenangyaung line 
is fairly gentle, the anticlinal crests are for the most part destroyed 
along the line Myaing-Pagan-Gwegyo, which lies further east, and 
nearer to the Pegu Yoma. The Yenangyat-Singu fold, and the 

( 112 ) 
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Myaing, Pagan, and Gwegyo folds, are, where the eastern limb is 
preserved, steep on the eastern limb. The flanking anticlines of 
the Dudawdaung and Pondaung to the west of the basin have an 
exactly opposite arrangement; the steep side of the folds is the 
west side. 

On the west, the Nwamataung appears to be a crushed anticline 
structure in which the western limb has been in parts completely 

. destroyed; along part of the Nwamataung, 
Western flanking folds. .. . ? . , , ,, , 

there is a normal succession downwards through 

the Eocene, without any observable reduplication. 

The Yeyodaung-Dudawdaung ridge is a crushed anticline, in 
which the only portion where the crest is preserved is the plunging 
nose near Ngahlaingdwin (sheet 84 LG). The structure of the 
Pondaung is similar ; there 4 is no trace of the crest, except in the 
plunging nose near Tazu and Letpanhla (sheet 84 K/7). 

West of these flanking anticlines there are valleys between 
them and the Yonia or Pakokku Hill tract> ; these valleys are usu¬ 
ally occupied by Laungshe rocks which are much crushed and con¬ 
torted, but in the north of sheet 84 K/ and in sheet 84J ; 4, where 

the Maw series occurs, the folding of the Maws is gentle. The 

Arakan Yoma and Pakokku Hill tracts are mainly composed of 
Axials; these rocks are highly crushed and contorted. The photo¬ 
graph on Plate 2 is a typical section of the Axials. 

With this preliminary sketch, the structure may now' be dis¬ 
cussed in detail. 

The Nwamataung Range .—The section tlirough the Nwamataung, 
and the synclinal basin to the w'est is due to Mr. E. L. G. Clegg 

, (see Plate 8, Sect. 1). The section is drawn 

Nwamataung range. ’ « A1 . , , ., , , 

due E.-W., and runs from the eastern edge 

of sheet 84 L/6, along latitude 20° 35', terminating m the eastern part 
of the adjoining sheet 84 L/2. The dip, which is easterly at about 
20° upon the Pegu-Irrawaddy boundary, increases steadily in steep¬ 
ness, so that on the line of the fold-fault it is about 45°. On the 
west of the fold-fault, the rocks are compressed into an isoclinally 
squeezed syncline, in which the Shwezetaw and Padaung clay stages 
are reduplicated. Oil the west of the fold-fault itself, between it 
and the synclinc, the Yaws and the Pondaung stage are cut out. 
West of the syncline, the dip increases, and approaches the vertical 
in sheet 84 L/2 where the Tabyins, Tilins, and Laungshes outcrop. 
In the west of sheet 84 L/2, there is a continuation of the belt of 
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stoep and vertically dipping rocks. Mr. Clegg states that the fold- 
ing and contortion in the Arials is very severe. 

The Nwamataung range is peculiar in showing a perfectly normal 
downward succession over most of its length, while in three places, 
there are isolated synclines lying west of the 
J^syHdiH.ibasIas foid.ftmft. The remaining two synclincs lie in 
the south of the Minbu district and in north 
Thayetmyo, and are shown in the map accompanying a recent 
paper by Mr. E. L. G. Clegg. 1 

The presence of these three synclines can perhaps be best ex¬ 
plained by supposing that a fold-fault runs right along the western 
side of the ridge of the Nwamataung. Presumably this fold-fault 
is dying out northwards. The Nwamataung itself dies out as a 
range in the south of sheet 84 K/4. 

The Yeyodaung-Dudawtaung range and the Ngahlaingdwin area .— 
In the middle of sheet 84 L/6, a slight flattening of dip in the 
Pegus is noticeable. Further north this bc- 
th^DudawUung! ^ corQes a terrace, and near Ngahlaingdwin an 
anticlinal fold. 

A series of ten sections through the Ngahlaingdwin anticline, 
two of which extend westwards through the Nwamataung, is given 
in the Plate 25 accompanying Dr. C. Porro’s paper upon this area. 2 
The anticline begins as an uncruslied broad arch, of asymmetric 
type, with steep dips to the west, but the northern sections show 
that the arch is becoming narrower and more squeezed. In the 
median syncline between the Ngahlaingdwin fold and the Nwa- 
rnadaung, the axis is very sharply bent, and there is much slicken- 
siding, but, according to Dr. Porro, real faulting does not exist in 
this area. 

The structure of the range is shown clearly in four sections by 
H. S. Bion. The first, from Kanbya to Pyindin in the south of 
sheet 84 L/6 is drawn along a line south of that taken by Mr. E. 
L. G. Clegg in his section shown on Plate 8, Sect. 1 . H. S. Bion’s 
section is shown on Plate 8, Sect. 2. The second section is drawn 
from near Nyaungbinywa westwards and, running north of Ngah¬ 
laingdwin, passes Kinmungyon and across the Nwamataung. (See 
Plate 8, Sect. 3). This section is similar to that of Dr. C. Porro 
through the same belt. 


* B*c. Qtd. Surv. Ind., LXVI, p. 250, (1933). 

* Geology of oountxy near Ngahlaingdwin, op. cti XLV, p. 249, (1915). 
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H. S. Bion’s third section (see Plate 8, Sect. 4) is drawn through 
latitude 20° 54', from Ngapya-wa in the eastern part of sheet 84 L/5 
westwards. The section shows that the Dudawtaung anticline has 
become isoclinally squeezed. Two faults are developed, one on 
the western flank of the anticline in the steeply dipping and slightly 
reversed limb, the second lies along the axis of the median syncline. 
The first of these fold-faults was named by H. S. Bion the Inner 
Dudawtaung fault, and the second the Outer Dudawtaung fault. 

The fourth section is drawn from Ngapva along an E.-W. line 
about two miles north of the third section. It is shown in Plate 8, 
Sect. 5. The btructuie is very similar to that shown in H. S. Bion’s 
third section. 

H. S. Bion in his diary notes says :— 


* The series of parallel sections will serve to illustrate the structure of the 
region. It will be noticed that in the south of sheet 84 L,6, we have a continuous 
easterly dipping sequence from the sandstones of the Nwamataung ( —Pondaung 
sandstones) to the Irrawaddys. In the northern part of the same sheet and the 
southern part of 84 L/5, the Ngahlaingdwin anticline occupies the centre of the 
section as a simple fold with steeper western limb (Plate 8, fig. 1). In the 
northern half of sheet 84 L/5, the wostem limb is broken by two faults, the eastern 
and most important being the Inner Dudawtaung fault, and the western the Outer 
Dudawtaung fault (see Plate 8, fig. 4).' 

* As we go north from Ngahlaingdwin towards the Zaha stream, the western 
limb of the anticline becomes increasingly attenuated, as shown by the deduction 


in thickness of the Ngohlaingdw in cla^s ( —Padaung 
Inner and Outer clays) from over 1,000 feet to 200-300 feet. Where the 
u aw aung au s. Salin stream cuts across the anticline, the clays arc prob¬ 
ably sequeezed out altogether, and north of this point the Inner Dudawtaung 
fault shows the Pegus (Upper and Singu stages) in juxtaposition with the lower 
half of tho Shwczctaw sandstones. East of Tindu, some 3,000 feet of boils have 
beon faulted out.’ 

1 Tho Outer Dudawtaung fault is a subsidiary shatter which repeats the Pegus, 
tho lino of fault being sharply defined and clear. The throw of this fault is prob¬ 
ably between 200 and 300 feet, but in view of the absence of any reliable horizons 
in the Pegus, this cannot be regarded as more than approximate.’ 


II. S. Bion mapped tho southern part of 84 K 4, but ho died 
in Calcutta without publishing his results. E. L. 0. Clegg re¬ 
examined his work, and made some notes upon the structure. 1 

The Inner Dudawtaung fault in sheet 84 K/4 describes an arc 
around the Soikpyu-Saw road; hence the curious V-sliaped kink 
in the Tiiin sandstones near Pyonma Sakan. The fault fades away 


1 Op. cit, LVIII, p. 45, (1925). 
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east of Thigon. It will be also seen from the map that the outer 
Dudawtaung fault coalesces with the Inner east of Thonlanbyi. 
At the same time the median syncline swings round and terminates 
east of Thigon, and the succession west of the Sinle Taung (which 
is a northward extension of the Dudawtaung) is a normal one of 
monclinally dipping strata, with a regular downward succession 
from Pegus on the east to Laungshes near Saw. The structure 
somewhat recalls that of sheet 84 L/6, where there is a somewhat 
similar but smaller syncline west of the Nwamataung, 


The Laungshes around Thigon have, according to E. L. G. Clegg, 
suffered greatly from folding. The dip is steep, frequently about 
60°. West of Thigon, the Axials are much slickensided, broken, 
and contorted. They are succeeded to the east by broken sandstones, 
which pass upwards into the Laungshes. 

The Pondaung Fold .—The structure of the Pondaung fold at its 


Pondaung range. 


southern termination is shown in two sections 
accompanying my paper on the occurrence of 


coal-seams near the Yaw River in Pakokku. 1 


The anticline rises rapidly from the southern edge of sheet 84 
K/7, and the crest becomes fractured about a mile S. S. E. of the 
point where the Yaw stage outcrops on the 
Pondaung faults ° U<Cr crest * The fracture i s very slight at first, but 
increases and becomes a fault near the Yaw 
river. North of the Yaw river the anticlinal fault continues as 
the Inner Pondaung fault, while the synclinal trough between this 
fold and the northern continuation of the Sinle monocline (see 
ante) also becomes faulted along the axis, to form an Outer Pon¬ 
daung fault. The structure is, in fact, very similar to that of the 
Ngahlaingdwin area. The synclinal trough is, in the south of sheet 
84 K/7, an unfractured syncline, but north of the Yaw there is a 
sharp dislocation, which brings vertical or reversed Yaws or (further 
north) Pondaungs into juxtaposition with Shwezetaw sandstones 
dipping gently east. The Outer Pondaung fault was traced as 
far as Man village, and the Inner to about the same latitude, but 
neither were found north of this line. The syncline terminates 
about’ three miles to the north-we.vt of Man, and the Pondaung 
north of this area shows a normal succession downwards as one 
travels from east to west, and it has a monoclinal structure. 


l On. <*!.. YT.TV- n. 103. &nd PL ft. flflldL 
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In shoot 84 K/6, the Pondaung and the Ponnyadaung show 
monoclinal structure, with a regular moderate to steep easterly 
dip. There is a gentle syncline in ihe north-east corner of the 
sheet; the dips along the Pegu-Irrawaddy boundary are about 10° ; 
the median Pegu red bed dips at about 25° ; the Yaw stage near 
Kyaukmasin at about 30° ; the Tabyins near Yonsin dip at about 
50°, and the Laungshes in the north-west coiner at G5 C . Thus 
there is a regular increase of dip. The only exception to this ar¬ 
rangement is the flattening of dip in the Pondaung sandstones, 
which are spreading out their outcrop, so that in the sheet to the 
north (84 K T>) a syncline is developed between the Pondaung and 
the Ponnyndaung, which now branches from the Pondaung to form 
a separate range. All the above dips are easterly. 

The Northern Pondaung and the Ponnyadaung Ranges .—The 
Northern Pondaung and the Ponnyadaung ranges in sheets 84 K/5 
and 84 J/8 Avcre mapped by Capt. F. \Y. Walker. A series of 
sections drawn by him illustrate the structure. 

The first section, (see Plate 8, Sect. G) is drawn about latitude 21° 
55' eastwards from just north of Sinzit. The thick black lines 
near the top of the Tabyins and near the base 
onnyadaung. ^ the Yaws indicate coal-seams. The Ponnya¬ 
daung is a simple monocline, the ridge being composed of massive 
Pondaung sandstone. To the east of the Ponnyadaung lies the 
Kyaw syncline, so called from the large village of Kyaw in the 
middle part of 84 K/5. In this syncline the Yaw stage is exposed 
above the Pondaungs, and the Y"aw r outcrop is cut off in the south 
by a fault striking 80° east of north. 

This fault hades at an angle of 10° northwards from the vertical. 
On the south side, the Pondaung sandstones form an almost vertical 
wall. Further east the Pondaung range has a core of Tabyin clay, 
and is a highly compressed anticline, overturned to the east. Still 
further east is the Taungbyauk syncline shewing Pegu beds in 
the axis of the syncline, then Yaws, and then Pondaungs underlying 
them. 

In the south of 84 K/5, where the monoclinal strata of the Pon¬ 
daung break up into the Kyaw r synclinc, Capt. Walker describes 
the bedding as very irregular, so that dips in all directions can be 
found, and there is contortion over a considerable area. 
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Other dip-faults marked on sheet 84 K/5 are near Kin-e where 
the crestal outcrop of Tabyins on the northern Pondaung is dis¬ 
placed by a dip fault. This fault also dis¬ 
ort ern on aung. pi aces the Yaws to the east. A wrinkle in 

the Pegus and Yaws south-east of Kin-e causes the Yaws to be 
duplicated in two parallel outcrops. There is much contortion 
here. 

The structure across the Pondaung and the wrinkle near Kin-e 
is shown in a section on Plate 9, Sect. 8. The section is drawn from 
a point about 1J miles E. by N. from Wabin to a point about 1J 
miles E. by N. from Nganyaung. 

A paper illustrated with sections, which deals with the structure 
of the northern Pondaung, was published in 1923 by Dr. L. Dudley 
Stamp 1 . Of his three sections, one runs through Kin-e ; another 
in the north of 84 K/5 through Kathaung, and the third in the 
south of 84 J/8 and J/12 runs through May in village. The 
sections reveal a similar structure to that Rhown in F. W. Walker’s 
sections; it is therefore unnecessary to reproduce them here. 

A section by F. W. Walker through sheet 84 J/8 runs from a 
point on the western margin of the sheet which is 4 miles N. N. W. 

of Ke Sakan rest-house ; the line section runs 
lections W Wa,kerf i n a direction about 10° north of east to the 
eastern margin of the sheet. This section is 
shown on Plate 9 , Sect. 7. On the west is the monocline of the 
Ponnyadaung; then the gentle Kyaw syncline, in the centre of 
which is a small thickness of Shw r ezetaw sandstone underlain by 
rather thin Yaw stage rocks. Further east the Pondaung anticline 
is still a sharp fold, with steep eastern dips, and on the eastern 
margin is the western flank of the Mayin syncline. 

The Mayin syncline, which begins in the south-west corner of 
sheet 84 J/12, is a very gentle fold, with low dips. Dr. L. Dudley 
Stamp’s most northerly section shows the struc- 

Mayln syncllne. ^ure of this synclinal fold. F. W. Walker’s 

sections do not go far enough east to show it. 

The Mayin syncline spreads out northwards. It is aligned on 
the same strike as the syncline north of Pauk, the axis of which 
runs along longitude 90° 30', on the eastern margins of sheets 84 
K/6 and K/5. 

1 The Geology of Part of the Pondaung Rango, Trans. Min . Oeol. Inst. Ind. t 
Vol. XVII, p. 161. 


Mayin ayndlne. 
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On the east of sheet 84 J/12, the Pondaungs abut upon the 
Irrawaddy sandstones, there being a great strike-fault between 
, , the two formations. This great fault runs 
rca oun ary au the eastern part of sheet 84 J/12 

northwards for at least fifty miles to Kin on the Chindwin 
river. Southwards it turns S. S. E. and reaches the north-west 
corner of sheet 84 K/14, where it has been traced to a point 
about a mile S. S. E. of Hnanzigyi. 


In the country north of the mapped area shown in Plate 7, 
this fault runs immediately east of a range of Pondaung sandstone 

Mahudaung range known M tbe Mahudaung range. This range 

and the boundary was examined by Sir E. H. Pascoe at two 

fault * points (Yagyi in sheet 84 J/ll, and Bawdibin 

in sheet 84 J/10). The structure of the Mahudaung was shown 
by Sir E. H. Pascoe to be anticlinal, 1 with dips on the west of the 
crest of from 12° up to 30°, rarely to 40°, and on the east of the 
crest with dips of 65° rising to vertical. Traced eastwards the 
vertically dipping Pondaungs give place to practically horizontal 
Irrawaddy s. 

In sheet 84 K/9, the fault between the Pondaungs and the 
Irrawaddys has generally obliterated the anticlinal crest, accord¬ 
ing to Mr. B. B. Gupta. The Pondaungs dip 
cUns^cmtl* °* * n<i " between west and south-west. In three spots 
however Mr. Gupta observed steep dips (from 
40° to 70°) in the opposite direction. lie thinks that either 
these dips are the relics of an anticlinal fold, or else a drag 

caused by the deep downthrow to the east of the fault. 

The Kyaukkwet Area (84 KjlO), and the Myaing fold (84 K/14 ).— 
A section shown in Plate 10, sect. 13, which runs from the western 
edge of sheet 84 K/10 through Leochaung-te and Myauktaw, shows 
a monocliual dip from the Irrawaddy sandstones to the Pondaungs. 

Babin and Aukkyln east 84 K/10, a fault known as 

the Bahin fault displaces the Yaw stage. 


1 So© Mem. Otol. Surv. Ind., XL, pp. 141-143 and PI. 36, (1912). 

Sir E. H. Paaooe’s visit was made in the year 1908, when our party had nothing 
to work upon but the papers of Noctling and Grimee upon upper Burma, and the old 
survey of Theobald for lower Burma. Nothing was known then of tho divisions of 
the Eocene. Sir E. H. Pascoe called the rocks we now know to be Pondaung sand¬ 
stones Mahudaung beds in bis map with the queried name Pegu ? added. He finds 
that the vertically dipping Pondaung sandstones suddenly are replaoed by horizon¬ 
tal Irrawaddys on the boundary, but be did not state whether the junction was or 
was not faulted. 

K 
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running in a N. N. W.—S. S. E. direction for about two 

miles. A section across this fault drawn through Tegyi and 
Aukkyin (see Plate 10, sect. 14) shows the structure to be a 
fold-faulted anticline with steeper dips on the east side. 

Another fault running south-east and starting close to Aukkyin 

brings Irrawaddys on the north-east into juxtaposition with Pegus 

to the south-west. 

The Myaing area in the north (84 K/9) shows an outcrop of 
Pondaungs bounded on the east side by a great strike fault which, 
as has been mentioned above runs north 
Myaing. through 84 J/12 passing Yagyi and Bawdibin 

along the eastern side of the Mahudaung towards Kin. It was 
pointed out that the structure could be regarded as anticlinal, 
one side of the fold, that to the north-east, having collapsed. If 
so, the anticlinal crest has been for the most part obliterated. 

In sheet 84 K/14, a section shown on Plate 10, sect. 15, runs from 
near Paungbin through Ywathit to Kyetmauk in a north-easterly 
direction; the remainder of the section is drawn due east from 
Kyetmauk. This section shows an anticlinal crest at Kyetmauk, 
but the eastern flank of the fold is for the most part faulted away, 

and Irrawaddys with a very gentle easterly dip abut on the fault¬ 
line. This structure is much the same as that described by 

Sir E. H. Pascoe for the Yagyi and Bawdibin sections to the north. 


As the map shows, north of Myaing town, Yaws occur on both 
sides of the anticline, but the crest is destroyed by a fold-fault, 
which at first runs S. S. E. and, reaching the boundary of the Pon¬ 
daungs and Irrawaddys east of Myaing, bends round in a south 
by west direction. A section south of Myaing drawn from west 
of Thetkegan through Kangyi is shown on Plate 10, sect. 1(>. 


This section shows three strike-faults, one just west of Thet¬ 
kegan, which brings the Yaws on the west side by side with Irra- 


Initcr and outer 
Myaing faults. 


waddys on the east. The Irrawaddys are 
folded into a small syncline, and near Kangyi 
there are two faults, an inner and an outer, 


which function in exactly the same way as the inner and outer 
Dudawtaung and Fondaung faults. The inner fault represents a 
fracture along the anticlinal crest, the anticline having been 
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asymmetric, with steep eastern flank. The outer fault was a 
fracture along the synclinal axis. The Yaw beds between the two 
faults are vertical. 

Near Chaingzauk over a short portion of the fold the crest is 
preserved, and the Yaw stage is bent into 

Crumpled creit miniature wrinkles as shown in the photograph 
on Plate 5. 

In the south of the Myaing fold Yaws dipping W. S. W abut 
directly on Irrawaddy sandstones; there is no vertical belt of 
rocks along the eastern margin, and the inner and outer faults 
have coalesced. 

The Maw and Myittha Valleys. —The valleys of the Maw and 
Myittha in sheets 84 K/I and 81 J/4 were surveyed by Mr. B. B. 
Gupta. 

On Plate 9 four sections (9 to 12) by Mr. Gupta illustrate 
the structure. The most southerly section from west to east 
from the Myittha river through Yinma, shows 
faults* 5yncllf1c flnd contorted Axials and crumpled Laungshes, with 
a rather corrugated syncline of Maw gravels 
resting unconformably upon them, but with a faulted junction on 
the eastern margin. This line of section runs through the north 
of sheet 84 K 1. 

The other three sections are in 84 ^4, and they show the same 
faulted syncline of Maw gravels unconformably overlying contorted 
Axials and Laungshes. The last of these sections (see sect. 1*2) is 
drawn in the north-east comer of sheet 84 J 4, through Kunze, 
and shows the junction of the Laungshes with the Tilins. This 
takes us to the western flank of the Ponyadaung, the structure of 
which has already been described. 

The Yenangyat-Singu Anticline .—The Yenangyat and Singu 
hills were first surveyed by G. E. Grimes, 1 who mapped these 
hills on a scale of eight inches to the mile. The anticline is 
asymmetric with a steep eastern limb. Grimes observed the 
great difference in the thickness of the Pegus on either side 
of the crest. 


k 2 


l Op. ciL 
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Discrepancy in thick- These differences are tabulated by Sir E. H. 
ness of Pegus. Pascoe, 1 and are as follows :— 



Thickness of 

Thickness of 

— 

Pegus went of 

Pegus east of 


crest. 

crest. 

Latitude of Yonangyat village 

3,740 ft. 

600 ft. 

Latitude of Seikkwa village 

3,740 ft. 

320 ft. 

Latitude of Sabe village . 

3,600 ft. 

1,470 ft. 


For the Singu field the difference in thickness as estimated by 
Mr. Rau 2 is Thickness west of crest 2,400 ft., east of crest (Pascoe) 
1,450 ft., difference 950 ft. 

G. E. Grimes explained this difference in thickness by supposing 
an erosion unconformity which had denuded the Pegus on the 
_ . , east side of the anticline without doing so, 

nmes * views. Qr least not to the same extent, on the 

west. This view was supported by Sir E. H. Pascoe in his memoir, a 
but he suggested at the same time that attenuation caused by com¬ 
pression in folding was a contributory cause. 

Two years before the publication of Sir E. H. Pascoe\s memoir, 
I had written a short paper upon the northern part of the Yenan- 

Thrust-fault and ^ &t field >‘ in which 1 ««gg«sted that the* 
Sh E. H. Pnscoc’a eastern boundary of the Yenangy at-Singu anti- 
objections. dine was strike-faulted by means of a thrust- 

fault. In the text-figure accompanying my paper, I drew the 
thrust-plane at 30° inclination wdth the horizontal. 

Although in the particular section of which my figure was a 
sketch, there were some dips on the line of fault at this angle, it 
is now quite certain that an angle of 30° with the horizontal is 
too low\ The fold-fault, of the existence of which there is now 
no doubt, is inclined at angles nearer to 60° or 70° with the hori¬ 
zontal than 30°. Much of the objections raised by Sir E. II. 
Pascoe to my view are really opposed to the conception of a low 
angle thrust-plane. Thus he argued that such a thrust would 
cut the oil-sands; this objection will not apply to a steep fault. 


1 Op. tit., p. no. 

1 Op. tit ., p. 321. 

• Op. tit., pp. 110-114, (1012). 

* Bee. Otti. Surv. Ind., XXXVIII, p. 302, (1010). 
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Thrust-fault it correct 
explanation. 


Nevertheless, my main theory has been substantiated. Dr. C. 
Porro, writing in 1915 says 1 :— 

‘ I surveyed the Yenangyat anticline in 1911, and my results confirmed the 
investigations of Mr. Cotter, excepting that 1 consider that the angle of inclina¬ 
tion of the fold-fault with the horizontal is greater than Mr. Cotter supposed.’ 

Mr. G. W. Leppcr who was in charge of 
the geological staff of the Burmah Oil Com¬ 
pany in 1933, says 2 : — 

‘The 8abe-Yenangyat flexure.The fold is strongly asymmetrical, 

and a thrust-fault is developed on the stoop eastern flank.’ 

Mr. S. R. Rau, who mapped the Siugu field, has an interest- 
ing passage on the nature of the strike-fault. He says 3 :— 

‘ The strike-fault is closely connected with the anticlinal folding. Near 
Thakatu Pagoda east of Block 50, whore the crest is sinking rapidly, the uppor 
ferruginous layers, unfossilifcrons sandstones, and the brilliant “ White Sand ” 
M Kau’s of the Pogu scries aro observed. Hero the fault ends 

the fault at Slngu ' in 11 fracture, the throw is slight, and the thickness 
of the missing l>eds is small. Near Moksuma Kon 
and in the northerly blocks, where the crest reaches its maximum elevation, the 
thickness of the missing bods is large, the throw has increased, and the inversion 
of strata is more perceptible. Where this strike-fault continues in the Yenan¬ 
gyat area, similar observations were made in blocks 16, 17 and 9. 

The direction of the fault is 20 1 W. of N. to 20’ E. of 8., aud corresponds 
generally with that of the anticlinal axis of folding. It commences as a frac¬ 
ture oast of block 50 N. and continues crossing from one bed to another. in 
blocks 50 N., 58 N., 50 N., it is almost parallel to the strike of the beds, whereas 
in the southerly blocks one finds several strata truncated along the fault line.' 

In the northern part of the Yenangyat, where the anticline is 
sinking, the structure is very similar to that in the southern part. 

of Singu ; the Ferruginous Conglomerate (basal 
bed of the Irrawaddy sandstones) and the 
White Sand (top bed of Pegus) can be traced 
round the nose of the anticline, and they can be followed along 
the eastern boundary for about nine miles southwards, after which 
they are completely cut out. For the first three miles these two 
beds are continuous in outcrop, after which they commence to 
become broken, and finally only shattered remnants of these bods 


Fault In northern 
Yenangyat. 


1 Op. cit ., XLV, p. 265, footnote. 

* An Outline of tho Geology of tho Oil-Bearing Regions of the Chitidwin-lrravrad.Iy 
Valley, eto., World Petroleum Congrtu, Pre-print No. 169, p. 7, (19:13). 

> Kec. CM. Surv. Ind., LIII, p. 324, (1922). 




124 


COTTER : GEOLOGY OP PARTS OF MINBU, ETC 


are seen forming a kind of large-scale breccia due to the tearing 
of the fold-fault. The fault breaks across the strata as it is traced 
south, and beginning as a slight tear, increases in throw. Finally, 
south of JKabo the upper Pegus and basal Irrawaddys are com¬ 
pletely cut out, and are not again seen on tbe east flank of the 
fold until the southern termination south of Singu is reached. 

Sections across the Singu-Yenangyat anticline are given in 
Q Plate 31 of Sir E. II. Pascoe’s memoir, but 

the fold-fault is not shown. A fold-fault 
should be inserted along the Pegu-Irrawaddy boundary. 

Another diagrammatic section by Sir E. H. Pascoe through 
this anticline is shown in fig. 1 on page 255 of Bee. Geol. Surv. Ind., 
Vol. XXXIV, (1906). 

The Pagan and Gwegyo IliUs. — The Pagan hills lie in sheet 84 
K/16, and extend for 14 miles in a S. S. E. direction from a 
point five miles south-east of Pagan. Although the map shows 
them to be surrounded by Irrawaddy 

i8?uf1 * sandstone, tbe junction of Tegus and Inawaddy 

beds is obscured by alluvium and soil-cap. I hoe is a fairly 
constant dip to^ tl^e W. S. W. at an angle of al out 35 c in the 
Pegus of tin so hills, but in two or three plates r.oitli and 
south of the Naletaw stream beds are exposed dipping at 80° 
in the opposite direction. The fold in fact is asymmetric like 
that of Yenangyat, but the eastern flank has been almost com¬ 
pletely faulted away. In this respect it resembles tbe JMyaing 

fold, on the strike of w T hich it lies. 

Tbe northern portion of the Gwegyo hills are shown in sheet 
84 L/13. Two papers, one by Sir E. H. Pascoe 1 and one by my¬ 
self 2 , deal with the northern and southern parts of the hills respec¬ 

tively. 

The liills lie in echelon and to the W. S. W. of the line of the 
Pagan hills. The anticline (what is left of it) is asymmetric like 
that of Pagan, with steep easterly dips, but 

Gwegyo hills. the Pegus of the eastern limb are for the 
most part faulted away. Fragments of the crest are preserved 
in tie north and south noses of the fold ; in the north a crest can 


Gwegyo hills. 


* The Northern Tort of the Gwegyo Anticline, op. cit., XXXIV, p. 261, 
(1906). 

* The Southern Part of the Gwegyo BUD*, op. cit., XXXVII, p. 226, (1909). 
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be traced from Ayadaw village nortinvards; in the south 
there is a creet from Ngashandaung village 
•nd^smke'uukt. northwards for two and a half miles. Even where 
the crest is preserved, the thickness of Pegu 
beds east of the crest is very small, except in the extreme south 
near Ngashandaung. The western limb dips at angles of 35° to 
40° to the weRt or W. 8. W. ; the beds of the eastern limb dip 
either vertically or steeply eastwards, but the dip quickly grades 
down to about 40° in the Irrawaddy sandstones. 

South of Nvaungnyigin, the crest is entirely faulted away, the 
eastern limb consists of Irrawaddy sandstones, which are brought 
into juxtaposition with westerly dipping Pegus; the Pegus of 
the eastern limb are entirely cut out. They reappear however 
in the southern termination near Ngashandaung. AVhere the east¬ 
ern limb consists of Irrawaddy beds, they tend to be concealed by 
alluvium, so that sections exposing them are rare. 

The Great Syvcliiie .—Dips are very low or horizontal in the 
great synclinal basin covered by Irrawaddy sandstones. At Tatkan 
in the middle of sheet 84 L 14 the strata are horizontal. 

On the western edge of sheet 84 L 9 the dip is as low as 2° 
westerly ; to the west the strata become horizontal and rapidly 
acquire an easterly dip as the Dudawtaung is approached. 

The southern margin of sheet 84 L 14 shows the northern nose 
of the Yenangyaung dome, sections through which are given in 
Sir E. H, Pascoe’s memoir. 



CHAPTER XIV. 

ECONOMIC GEOLOGY. 

Petroleum. 

No memoir of the Geological Survey of India would be com¬ 
plete without some account of the commercially valuable minerals 
No fresh develop- of the country surveyed. It would be pos- 

ments except Latiywa, sible to write a lengthy account of the oil- 
slnce 1912 . fields and oil-shows in Pakokku and north 

Minbu. But the truth is that, except for the development of 
the southern part of Yenangyat (the Lanywa field) as an oilfield, 
there has been relatively little change in the situation since Sir 
E. H. Pascoe wrote his memoir twenty-four years ago. Such 
developments as have taken place are recorded in the Quinquennial 
Reviews of the Mineral Production of India, 1 and in the Director’s 
reports on the Mineral Production of India for each year; these 
are published annually in Part 3 of the Records of the Geological 
Survey of India . 

It must be confessed that in regard to oil-prospecting this pre¬ 
sent memoir is valuable largely for its negative results ; the whole 
country now surveyed has been carefully ex- 
Reslilts of survey amined, and it seems probable from the struc¬ 
ture and geology of the country that no im¬ 
portant new oilfield is likely to be found. 

As has been shown in Chapter XIII, the anticlinal folds in 
Pakokku and north Minbu are usually faulted, and their crests 
destroyed, except where the anticline plunges and fades out. It 
is only along the line Yenangyat-Singu-Yenangyaung that the anti¬ 
clinal arches are unbroken ; those folds to the east (Pagan, Gwegyo, 
Payagyigon) and the great flanking folds to the west, with the 
very doubtful exception of the northern Pondaung, are not suitable 
structurally for the storage of mineral oil. 

So far as we know, mineral oil in Burma characterises forma¬ 
tions of the shallow-water marine type. Alternations of shale and 
Type of ftrata In sandstone, such as are found in Singu and 
which oil may be ex- Yenangyat, are exactly the type of strata in 
pected * which mineral oil usually occurs. Many of 


>8*e Rac. Gaol. 8m. Ind., XLVT, LH, LYII, LXIV and LXX 
( 126 ) 
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the formations of the western ranges are not quite the type in 
which we might expect to find oil in good quantity. The Padaung 
clay is too preponderantly argillaceous; Mr. G. W. Lepper has 
pointed out 1 that it contains no oil-seepages. The Pondaung 
sandstone contains numerous oil-seepages, but it is a formation 
rather preponderantly sandy. I think it must be concluded that 
the Yenangyaung, Singu, and Yenangyat fields are suitable both 
structurally and by reason of the facies of the deposits ; these two 
favourable factors together make the oilfields. But in the Yenan¬ 
gyat field, where the crest is high near Yenangyat and Seikkwa 
villages, much of the oil-bearing strata which are concealed in 
Singu are laid bare by denudation and have lost their stores of 
oil. This has been pointed out by Mr. G. \V. Lepper in the paper 
above quoted. 

I am not, therefore, prepared to recommend any new territory 
in the area now surveyed as wortli testing in view both of the 
above considerations and especially because all the more favour¬ 
able structures have already been tested at great expense, but 
without finding oil except in small quantity, insufficient to give 
any hope of commercial success. 

With these preliminary remarks, I give below a list of the chief 
oil-seepages and gas-pools in the area surveyed. These occurrences 
are interesting, as indicating the distribution of the oil-bearing 
rocks, although they give no evidence whatsoever of the presence 
of oil in commercial quantity. 


List op Oil-seepages and Gas-Pools. 

In the Ngahlaingdwin area, (sheets 81 L/5 and L/C) there are 
seven seepages of oil, one in the Singu stage, one in the Shwczetaws, 
four in the Yaws, and one in the Pondaungs. 
JN-W- and # as " That in the Singu stage is on the western 
flank of the fold, the remainder are very close 
to the anticlinal crest. They are shown in the map accompany¬ 
ing Dr. C. Porro’s paper.* 

Another seepage, mentioned by Sir E. H. Pascoe in sheet 81 
L/C lies 3$ miles S. W. by W. from Ngahlaingdwin, and half a mile 

1 Lepper, G. W M op. dt., p. 7. 

1 IUg. Geol. Swv. Ind., XLV, PL 26, (1016). 
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east of the Nwamataung range. This appears to be near the 
junction of the Pondaungs and the Yaws. 

Gas-pools with a smell of hydrogen sulphide are rather common 
in the Pegus in the vicinity of Ngahiaingdwin. 

In sheet 84 K/4, L. V. Dalton 1 reports the occurrence of a gas- 
pool south-east of Kya ikswe in Tabyin clays. 

In sheet 84 K/7, seepages of oil and gas occur near the top of 
the Pondaung sandstones. The following localities may be noted :— 

(1) 1 furlong inland from the south bank of the Yaw, 1 mile east of Tazu. 

(2) In the bed of the Yaw along the fold-fault, close to the above locality. 

(3) Not quite half a mile south of milestone 16 on the Paulc-Paaolc road. 

(4) At the spring marked on the one inch to one mile map, N. N. W. of 

Okhmin. 

In sheet 84 K/G :— 

(5) Not quite half a mile west of the north village of Tanbin. 

(6) Another seepage was reported by the Burmese villagers between (4) and 

(5). 

Localities (1) and (4) have been tested by hand dug wells. Five dug wells 
were constructed near Okhmin, they were all filled with water when 
visited in the winter of 1913*1614, but one had about two inches of oil 
floating on its surface. Drilled wells have been made to test the plung¬ 
ing nose of the Pondaung near (1), but paying oil has not been encoun¬ 
tered. 

(7) Near margin of Pondaung sandstone and Tabyin Clay, 1} miles E. 36° 

R. of Yonsin in the north-west corner of Bheet 84 K/G there is a see¬ 
page of brownish crude oil. 

(8) About the same horizon in cracks and joints in sandstone very thick 

tarry oil occurs. This locality is a little over 1J miles in a direction 
N. 58° E. from Yonsin. 

(9) A gas-pool was seen in the Way stream about 1{ miles N. 57° E. from 

Swele in the north-west corner of 84 K/6. 

(10) Another similar spring was seen about 60 feet upstream from (9). The 
gas in (9) and (10) has a strong smell of hydrogen sulphide. 

Near (7) and (8) bituminous earth was observed. 

In sheet 84 K/5, Mr. B. B. Gupta has observed the following 
gas-pool in the Ponnyadaung monocline 

A pool of hydrogen sulphide gas in a tributary of the Tin stream 1| miles 
N. £3° E. of Roby a. This is in Tilin sandstone and lies in the south-west comer 
of the sheet. 

1 Quart. Jovm. Oeol. 8oc. f LXIV, p. 616, (1996). 
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In the Pondaung anticline in the south of sheet 84 K/5, Mr. 
Gupta noted the following seepage :— 

In the Yebyii Ftrenm, a tributary of the Kyaw river, lj miles W. 10° N. of 
Tandaw village in Pondaung sandstones, at their junction with an inlier of Tabyin 
clays. This seejwge is on the crest of the anticlinal fold of the northern Pon- 
dftung. 

In sheets 84 K 5 and J;8, in the area mapped by Capt. F. W. 
Walker, there are a few small gas-pools in the outcrop of Tabyins 
in the Ponnyadaung monocline. But in the Pondaung anticline 
they extend throughout the area mapped. The majority bring to 
the surface pebbles and a little oil. Capt. F. W. Walker has shown 
the positions of several of these on the one-inch maps filed in the 
office of the Geological Survey of India. 

The more important of these seepages are :— 

(1) A group of gas-pools at the southern end of the Tabyin inlier in sheet 

84 K/5. These consist of a main vent with a crater two feet wide, sur¬ 
rounded by sulmidian vents, some of which are inactive. The gas 
hubbies bring to the surface a blucish gre\ mud, o\cr which there 
is a scum of oil. Angular pebbles of sandstone, up to one inch dia¬ 
meter, are found King nearby; these have lieen brought up with 
the mud. The mud Hows freely and gives the water of the streams 
a muddy colour o\cr long distances; this enables one to locate the 
seepages with ease. Other seepages in this area are gas bubbling 
through mudd\ water. 

(2) Seepages in the Ngulc stream on the Tabyin inlier \V. N. W. of MnOn 

(sheet 84 J/8) and in the neighbouring Kyaukshaw stream. These 
seepages arc so vigorous as to produce the effect of boiling. A good 
scum of oil forms on the ejected water. 

(3) In the Pondaung sandstones in the north of sheet 84 J/8. These see¬ 

pages have craters four feet in diameter, which are tilled witli a thick 
muddy liquid through which gas bubbles. 

Capt. Walker, in his progress report upon sheets 84 K/5 and 
J/8, has the following note upon the prospects of finding oil in the 
Prop** .1 oU hi northom Pondaung anticline:— 

northern Pondaung. 

4 Thoee seepages indicate that oil is contained in some of the lower beds of 
the anticline at least. The beds of the Tabyin clays are well adapted for con¬ 
taining oil with their alternating sandstones and clay or shale layers. The crushed 
nature and irregular structure of the anticline, with its sharp and possibly faulted 
crest is however highly unsuitable for the accumulation of oil. 8uch sharp folds 
generally die out as we trace them downwards, and the beds at say 3,000 feet 
probably form moderate anticlines. If petroliferous strata exist at such a depth, 
it is unlikely that the oil will have escaped. The outcrops give no indication at 
what horizon the oil does occur. No trace of oil was found in the Ponnyadaung 
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outcrop of the Tabyin clays. The prospects of the anticline for producing oil 
seem very small.’ 

Personally, I can hardly regard the prospects of finding oil in 
the northern Pondaung as brighter than those of the Ngahlaing- 
dwin and Tazu areas which were tested many years ago without 
success. 

In sheet 84 K/10, there are seepages of oil near Kyaukkwet 

and Suwin, but the anticlinal crest is faulted and there is con¬ 
siderable disturbance. Tests have been made without success. 

In sheet 84 K/14, there are gas-pools one mile N. N. W. of 

Chaingzauk in the Yaw stage. A photograph of those is shown 
on Plate 6. These pools are on the faulted crost of the 

Myaing fold. 

In the Pagan hills in sheet 84 K/16, there are no oil-seepages. 
Near Tetma to the soutli of these hills an unsuccessful boring was 
made. To the south of the Gwegyo hills, part 
Pagan and Gwegyo G f which are shown in sheet 84 L/13, test- 
wells sunk in the Payagyigon-Ngashandaung 
extension struck small shows of oil, one well producing ten barrels 
in the first. 24 hours, but the quantity produced was not sufficient, 
for profit. 

The Lanywa field, although it lies in the Pakokku district, 

and is for administrative purposes part of the Yenangyat field, 
is structurally a continuation northwards across 
a!l ^ 8, the river of the Singu field. The productive 

area lies on a sand-bank between Lanywa and Sitpin villages. 
The area has been successfully reclaimed behind a massive re¬ 
vetted embankment constructed by the Indo-Burma Petroleum 
Company. There are over 50 wells in this small but highly pro¬ 
ductive field. 1 North of this area there is a different alignment 
of the anticlinal crest, the Yenangyat crest to the north lying very 
slightly in echelon with regard to that to the south, which con¬ 
tinues in a straight line under the river to Singu. 

In the Yenangyat, field proper, the highest yield was 22*6 million 
gallons in 1903. In 1927, the yield was 1-8 million gallons, there 
having been a steady decline during the interval. 

In 1928, the Lanywa field commenced to produce, and it is 
mainly owing to the development of this field that the figures for 
production from the Yenangyat (administrative) field rose in 1933 


* 2to.‘ Oeol. Hurv . Ind., LXX, p. 276, (1936). 
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to 23*4 million gallons. In 1934, however, the decline of the 
Yenangyat (geological) field was arrested by further drilling, which 
has resulted in a small increase in production. 

Coal. 

The material for this account is taken from three papers recently 
published upon Burmese coal occurrences, 1 and from the progress 
reports of Messrs. S. R. Rau, E. L. G. Clegg, B. B. Gupta and F. \V. 
Walker. K. A. K. Hallowcs traced forty-six outcrops of coal in 
sheets 84 K/8, L/5, and L/6. He also found nine other outcrops 
in south Minbu as far south as the latitude of Ngape. 

Of the forty-six outcrops, seventeen are in the Yaw stage, 
twenty-five in the Shwezetaw sandstones, one 
^Coal south of Yaw j n tho Upper Pvgus, one in the Padaung clays, 
and two in the Pondaung sandstones. 

It would be tedious to repeat again this lengthy li>t ; those 
who so desire may consult Mr. Hallowcs’s original paper. But 
perhaps it would be of interest to mention a few of the thicker 
seams. In the table given below, the first column shows Mr. 
Hallowed’s serial number; the second column gives the sheet 
number, the third column the locality ; the fourth the formation ; 
and the fifth the details of the seams. 


Table. 


Serial 

No. 

Sheet 

No. 

Locality. 

Formation. 

Details of Siam. 

46 

St L/0 

Paung chaung 2 miles 
W. of Myanng-u. 

Yaw stage 

Three seams : one foot, 
5 feet, and 14 inches 
respectively. 

40 

84 L/0 

Tauktyabin chaung; 
E. flank of Nwama- 
taung, S. W. of 
Kinniungyon. 

Yaw Mage 

i 

Four scams ; 2 feet ; 

2 ft. 3 ins. ; 1 ft. 9 inn. ; 
1 ft. 2 ins. 

22 

84 L/5 

E. flank of Dudaw- 
taung E. of Tindu. 

Yaw stage 

One seam 3 feet thick. 

7 

84 K/8 

Wunnge chaung E. of 
Let pan Saw. 

Shwexetaw 

sandstones. 

Seam 3 ft. 4 ins. thick. 


1 Cotter, G. de 1\, Some Newly Discovered Coal-Seams near the Yaw River, 
op. cU ., XLTV, p. 163, (1914). 

Hallo wes, K. A. K., On the Coal-Seams of the Foot-Hills of the Arakan Yoma, 
op. ott., LI, p. 34, (1921). 

Lander. C, H. and Walker, F. W., Report on the Examination of Burmese Lig¬ 
nites from Natnma, Lashio, and Peak, op. oil., LVI, p. 362, (1925). 
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Only ono seam of all those analysed had a fixed carbon content 
of over 50 per cent. ; this was th9 sample from the Myaung-u, 
locality No. 46, in which the fixed carbon content was 54*32 per 
cent. 

The average analysis of the coals collected 

Not of economic value by Mr. Hallowes between Letpan Yaw and 
at present. J r 


Per cent. 

Moisture.17*88 

Ash.18*87 

Fixed carbon ......... 32*40 

Volatile matter ........ 30*82 

Calorific value, 3,913 to 4,610 calorioe. 

Sulphur content from 0*52 to 2*50. 


The above analyses show that the coal is a lignite of poor quality, 
moreover there are considerable partings of carbonaceous shale 
and sandstone in the groups of seams. It is inferior in quality 
to the coal of the Letpanhla and Tazu fields which I shall des¬ 
cribe below. None of the seams can to-day be regarded as of 
economic value. 

In sheet 84 K/7, two coalfields were described by me in the 
paper above quoted, that is the Letpanhla field, and the Tazu 
field. The coal-seams occur near the base of the Shwezetaw sand¬ 
stones. 

The seams are seen in the Yaw river, half a mile south-east 
of Letpanhla village and can be traced for about 1£ miles in a 
south-west direction to the crest of the Pon- 
Coal of Yaw river <] a ung fold, which is here plunging quickly. 

Like the coal-seams described by K. A. K. 
Hallowes these seams are much interrupted by interstratified strata 
of sand and carbonaceous shale; this greatly increases the diffi¬ 
culties of developing them. On the crest of the Pondaung, 28 feet 
of strata contained about 13 feet of coal, that is, less than half 
the thickness. The thickest single seam without partings was 
3 ft. 6 ins. It is not necessary to give further details; those who 
wish for full measurements must consult my original paper. 
Speaking broadly, there is one seam, which, neglecting some thin 
partings, is just over six feet thick; this can be traced for about 
half a mile, but on the Yaw river the thickness is reduced to be¬ 
tween 4 and 4$ feet. 
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This same basal Shwezetaw coal outcrops also west of Tazu, 
and the outcrop runs to the north of the Yaw. Several outcrops 
of groups of seams with partings were excavated ; amongst these 
were some seams of 3J and 4 feet thick. 

The average analysis of 22 samples of these coals was :— 


Moisture ...... 

Ash. 

Fixed carbon. 

Volatile matter .... 
Calorific value, 4,490 to 4,835 calorios. 
Sulphur content, 2-285 to 5-628 per cent. 


Per cent. 
18-69 
11*33 
35-84 
3413 


As can readily be seen, the analysis does not greatly differ from 

that of Mr. Hailowes’s samples to the south, although the coal is 

„ a shade better in quality. In any case it 

Poor quality. 1 ‘ . * 

can only he regarded as a lignite of very poor 

quality, by reason of the high percentage of moisture, the low 

fixed carbon, and the frequent partings in the seams. It cannot 

be regarded as of economic value under present conditions. 

Samples from the Letpanhla and Tazu fields were sent to the 
Director of Fuel Research, London, for examination. The results 
of this examination are given at length in the third of the three 
papers quoted above. Estimates are given of the amounts of tar 
and coke available from the specimens. 

Mr. B. B. Gupta found coal seams similar in general quality 
to those above described in the Yaw shales in the south of sheet 


84 K/ft. 

A seam, 2 ft. 2 ins. thick, was found in Pondaung sandstones 
in the Kyaw river, 1J miles W. N. W. of Tandaw in sheet 84 K/5. 

Another seam, 2 ft. 10 ins. thick, occurs in 

seams. the Yebyu tributary of the Kyaw near the 

last locality. The dips are very steep. Other thin coal-seams 
were found in the Tin, Way, and Lun streams. That in the Tin 
stream 2 miles north-east of Sobya was traced for four miles but 
was of poor quality. This seam was in Tabyin clay. 

In the Laungshes, coal occurs one mile E. N. E. of Yeshin in 
sheet 84 K/l. The thickest seam which was very poor quality, 
was only lj feet thick. 

In sheets 84 K/5 and J/8, which were mapped by Capt. F. W. 
Walker, the coal of the Yaw stage and of the Shwezetaw sandstone 
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was of no importance. But there were seams in the Tabyin 
clay which may be mentioned. One section of this coal in the 
Tabyins was measured in an exposure 1£ miles N. N. E. of Chaing 
in sheet 84 K/5. The thickest single, seam was only 15 inches, 
but there were many seams in a sma^l thickness of bods. The 
coal is clearly of no economic value, ' 

In the south-west corner of sheet 84 K/9, Mr. Gupta found 
coal seams in the Yaws near Sinzwe, Ngamyaung, and Konywa. 
One seam one mile 8. 10° E. of Sinzwe, which was 1 ft. 11 ins. thick, 
was analysed and gave an analysis comparable with the coal of 
Tazu and Letpanhla. None of these seams can be regarded as of 
economic value. 


Copper Ore. 

Mr. Clegg states that in sheet 84 L/l, about one mile west of 
Tagaunggyin at a spot where the Pakokku Hill tract boundary 
crosses the Mon river (see southern margin of sheet 84 L/l) there 
are agglomerates, serpentine, and an original plutonic rock pro¬ 
bably a diorite, consisting of basic plagioclase felspar, hornblende, 
and a little magnetite. 

The serpentine forms the Bteep western bank of the Mon, and 

in this is an occurrence of copper ore. It is situated about 200 

Mon river feet a ^ ove *ke river up a steep gully, and is 

perfectly visible from the stream below. The 
exposure on the cliff face is about three yards high and two yards wide, 
and consists on the surface of impure copper carbonate (malachite). 
On digging into the rock face, the serpentine is found to be much 
more solid and is impregnated with copper pyrites. Mr. Clegg 
found it impossible to get good specimens owing to the rotten and 
crumbly state of the rock face which threatened danger from above 
with every stroke of the hammer. An analysis in the laboratory 
of a piece of impregnated serpentine showed 11*1 por cent, of copper. 

The deposit did not appear to be extensive. Mr. Clegg was 

informed by a villager that there was another occurrence in the 
hills to the west. 



CHAPTER XV. 


THE 10NE0US ROCKS OF SHEET 84 J/16. 

In sheet 84 J/16, in the Salingyi township of the Lower 
Chindwin district, there is a group of igneous rocks associated 
with Pegu and Irrawaddy beds ; these rocks w^ere mapped by 
Mr. V. P. Sondhi. I have left their description to the last, because 
they are on the strike of the Pegu Yoma, and are part of the Mount 
Popa-Shinmataung group, and on the same strike. The descrip¬ 
tion of these rocks will have to be included in any memoir which 
may at some future time deal w T ith the area east of that with which 
this memoir deals. The very brief description which I give is 
taken from the General Report of the Geological Survey of India 
for 1927 published in Records , Geological Survey of India , Vol. LXI, 
p. 103. 

The lithology of the Pegu rocks differs from the type sections 
of the oilfields ; the rock here is a calcareous bedded sandstone. 

The Powin Taung in the south of the sheet consists of ashes 
and tuffs. Further north, there are three small elevations known 
as the Myayeik Taung. The main hill is composed of silicified 
rhyolite with blocks of quartzite on its northern side. The small 
hill to the west is of shattered quartzite and highly altered basalt, 
and in the Yainadaw stream to the south-west, there is exposed 
a white rock composed of decomposed felspar, in which crystals 
of biotite are very prominent. One mile W. S. W. of this, quart¬ 
zite and basalt are exposed in a section in the Yama stream. 

About one mile north of Sdaung, is a plateau-like elevation 
about 1J miles long and J-mile wide. It is composed of a dark 
grey olivine-basalt, unaccompanied by lapilli or tuffs. On the 
hill-slopes there are seen exposures of pink calcareous sinter with 
embedded fragments of basalt. 

One mile west of Silaung Taung, another broad plateau-like 
elevation is covered by an old green basalt, interbedded in places 
with quartzite. The basalt is highly decomposed, but the interest 
lies in the presence of intrusive rocks. 

Near Okkan, a coarse-grained white granite, composed of an equal 
amount of quartz and felspar with a little hornblende, is found 
weathering into a crumbling white earth. 

( 135 ) l 
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One mile east of Taungbu is an occurrence of granophyre, a 
very compact rock, of a grey colour, with white crystals of felspar 
and shining quartz. 

The hill marked Myetthaung Dating is composed of vesicular 
dark olivine-basalt with phenocrysts of augite, hornblende and 
plagioclase embedded in a ground-mass of the same minerals with 
abundant laths of felspar and interstitial glass. It appears to 
rest on quartzite. 

Half-a-mile west of Chindaung, a granite boss is exposed which 
is roughly circular with a diameter of 1J miles. This granite is 
very coarse-grained, white in colour, and speckled with glistening 
biotite. On the west it lies in contact with quartzose grit and 
sandstone, presumably of the Irrawaddy series. On the north 
there is a surface deposit of Plateau gravel. 
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64, 106, 113, 116, 
117, 118, 120, 121, 
127, 128. 
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63, 63, 66, 117, 131, 
132, 133. 

61. 

61. 

63. 

60. 

61. 

61. 

63, 91, 123. 


96. 

91. 

92, 100, 101, 102, 126, 
127, 130. 

87-96. 

130. 

121, 124. 

122 . 

112 . 

91. 

94, 97. 

94. 

126. 

112 . 

72, 127. 

104, 106. 

24, 26. 
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Aingma 




21 

36 

30 

94 

33 

0 

39, 103. 

Alegyun 




20 

37 

0 

94 

27 

45 

82. 

Aleywa 




20 

60 

50 

94 

17 

45 

77. 

Anein . 




21 

24 

0 

94 

13 

0 

53. 

Andaman Islands 




12 

0 

0 

92 

42 

0 

22, 25, 35, 37. 

Anyakadin . 




21 

10 

0 

94 

9 

45 

31, 35, 42. 

Arakan Yoma 





.. 



.... 


1, 13, 17, 21, 22, 











23, 24, 26, 27, 
35, 36, 37, 41, 
100, 111, 112, 
113. 

Aukkyin 

. 

. 

. 

21 

38 

0 

94 

42 

0 

120. 

Aung . 

. 

. 

. 

21 

37 

10 

94 

8 

0 

39. 

Ayadaw 

• 

• 

• 

20 

54 

45 

94 

59 

30 

125. 

B 











Bahin . 




21 

43 

30 

94 

40 

30 

58, 119. 

Baasein 




16 

54 

0 

94 

48 

0 

22, 23. 

Bawdibin 




22 

37 

10 | 

94 

42 

0 

119, 120. 

Brahmaputra 





.... 



.... 


15. 

Buywa 




20 

38 

45 

94 

10 

0 

28. 
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; 


Chaing. 




21 

59 

0 

94 

17 

0 

43, 134. 

- chaung 





.... 



... 

• 

47. 

Chaingzauk . 




21 

32 

50 

94 

32 

20 

106, 121, 130. 

Chaukywa 




20 

44 

0 

94 

44 

38 

87. 

Chaungbyu . 




20 

7 

0 

94 

57 

45 

53. 

Che chaung . 





• •. • 



.... 


33. 

Chi chaung . 





•... 



.... 


28, 29, 43. 

Chiohaungywa 

* 




* • • • 





28. 
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/ 
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1,13,16,52,111. 

Chindaung . 
Chindwin district . 

Chindwin River . 

• 

• 

22 

14 

30 

94 

67 

10 

136. 

1, 2, 12, 14, 16, 
19, 62, 105, 

108, 109. 

16, 16, 111, 119. 

Chiyv 

• 

• 

20 

36 

0 

94 

11 

46 

28, 29, 43. 
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Daungtftik . 

. 

* 

21 

43 

0 

94 

23 

20 

60. 

Dudawtaung 

Dwe chaung . 



20 

67 

0 

94 

19 

0 

14, 16, 62, 66, 
112, 113, 114, 
116, 126, 131. 
29. 

Dweywa 

• 

• 

20 

40 

60 

94 

8 

30 

29, 43. 
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Gangftw 

• 

• 

22 

9 

46 

94 

8 

0 

1, 32, 39, 44, 61, 
66, 106, 107. 

Gaungbaung. 

. 

. 

21 

43 

16 

94 

26 

16 

103. 

Gwegyo 



20 

48 

0 

96 

1 

30 

16, 77, 97, 98, 99, 
101, 102, 113, 
124, 126, 130. 
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Henzada 

Hlwa stream 

• 

• 

17 

36 

0 

96 

30 

0 

22, 32, 34, 37, 73, 
74, 76. 

26, 26, 27, 33, 36. 

Hmindingyin 



20 

49 

10 

94 

3 

60 

so. 

Hnanzigyi . 



21 

44 

20 

94 

47 

16 

119. 

Qnaw . 



21 

29 

30 

94 

7 

16 

32. 

Hnetchaung 
Hnyinsauk chaung 

I 

Irrawaddy River . 

• 

• 

21 

i 

17 

60 

94 

13 

20 

16, 45. 

47. 

1, 2, IS, 14, 15, 
16, 17, 19, 24, 
87, 91, 111. 
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Kabaungdaw 




21 

46 

0 

94 

13 

40 

41, 44. 

Kaohaung 




21 

16 

30 

94 

9 

30 

45. 

Kalemyo 




23 

11 

0 

94 

6 

30 

16. 

Kaleywa 




23 

15 

40 

94 

21 

0 

16. 

Kama . 




19 

0 

0 

95 

6 

0 

24. 

Kamedaong 




20 

48 

35 

94 

23 

40 

102. 

Kanbauk 




20 

40 

20 

94 

17 

45 

65, 68. 

Kanbya 




20 

32 

0 

94 

26 

45 

114. 

Kangyi 




21 

35 

0 

94 

53 

0 

120. 

Kan pet let 




21 

12 

10 

94 

2 

0 

13, 16,31,33, 37. 

Kanthet 




22 

4 

0 

94 

21 

15 

61. 

Kanywa 




20 

25 

25 

94 

11 

0 

28. 

Kathaung 




21 

56 

15 

94 

27 

50 

118. 

Kayaukkwet 




21 

40 

0 

94 

40 

40 

67. 

Kayingyauk 




20 

40 

20 

94 

25 

45 

78, 102. 

Ke Sakan 




22 

4 

30 

94 

16 

10 

118. 

Khodaung . 




20 

16 

0 

94 

59 

0 

53, 54. 

lull 





.... 





85. 

Khode Taung 




22 

8 

0 

94 

33 

0 

15. 

Kin 




22 

46 

5 

94 

42 

30 

119, 120. 

Kinban 




21 

52 

50 

94 

4 

30 

107. 

Kine-e 




21 

52 

55 

94 

26 

30 

ns. 

Kinmungyon 




20 

42 

40 

94 

19 

45 

114, 131. 

Konywa 




21 

32 

50 

94 

47 

0 

55, 59, 134. 

Ktaw stream 





.... 


: 

.... 


54. 

Kunze 




22 

13 

45 

94 

13 

10 

j 39,47,107,121. 

Kwemalaung 




20 

38 

15 

94 

14 

45 

48. 

Kyanyin 




21 

49 

40 

94 

9 

0 

39. 

Kyauk-a 



. * 

20 

55 

0 

94 

6 

20 

48. 

Kyauk-kok . 




20 

53 

15 

94 

9 

20 

48. 

Kyaukku 




22 

5 

0 

94 

7 

45 

44. 

Kyaukkwet . 




21 

39 

55 

94 

40 

40 

67, 119, 130. 

Kyaukmaain 




21 

43 

55 

94 

23 

40 

117. 

Kyaukmyaung 




21 

7 

40 

94 

14 

15 

48. 

Kyauk-o 




20 

37 

30 

94 

21 

20 

78. 

Kyaukpyu . 




19 

54 

0 

93 

54 

o 

13, 31. 

Kyaukaaung. 




21 

1 

35 

94 

49 

0 

91, 92. 

Kyaukshaw stream 




. •. • 
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... • 


129. 

Kyauksit 

• 



21 

16 

45 

94 

9 

0 

30, 31, 32, 34. 
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Kyaukswe .... 

21 

8 

30 

94 

13 

0 

128. 

Kyauktaga .... 

21 

27 

0 

94 

19 

20 

52, 63. 

Kyauktan .... 

20 

52 

0 

94 

69 

20 

98. 

Kyaukthabeik stream . 


... • 



.. *. 


103. 

Kyaw . 

21 

55 

40 

94 

21 

60 

117. 

Kyaw chaunj 


.... 



.... 


32, 63, 103, 129, 
133. 

-valley 


.... 





61, 85, 103. 

Kyawdaw .... 

22 

1 

40 

94 

29 

20 

54. 

Ky awgyaung 

20 

56 

45 

94 

6 

20 

42. 

Kyawtha .... 

21 

46 

0 

94 

24 

40 

61. 

Kyawyaw .... 

21 

46 

55 

94 

34 

30 

58. 

Kyein chaung 


. •.. 





44. 

Kyeintali (“ Kyentalee ”) 


.... 



.... 


25. 

Kyetmauk .... 

21 

42 

0 

94 

49 

45 

120. 

Kyet-u-bok .... 

19 

59 

0 

94 

40 

0 

70. 

Kyetyin stream 


.... 



• •.. 


85. 

Kyi. 

21 

31 

6 

94 

7 

60 

34, 39. 

Kyin stream.... 


.... 



.... 


54. 

Kyudaw chaung . 


.... 



.... 


68, 69. 

Kywechaung Yaphe 

21 

27 

20 

94 

4 

0 

33, 34. 

Kywe-u .... 

20 

46 

30 

94 

19 

0 

67. 

Kywezin .... 

17 

58 

0 

95 

9 

25 

22, 23. 
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Lanywa .... 

20 

58 

0 

94 

49 

40 

130. 

Laung-She .... 

21 

0 

35 

94 

18 

30 

14, 17, 42. 

Legan ..... 

21 

65 

0 

94 

32 

15 

63. 

Leochaung-te 

21 

41 

15 

94 

31 

0 

103, 119. 

Letpan . . . . ' 

21 

45 

0 

94 

9 

30 

41, 85. 

Letpanhla .... 

21 

17 

20 

94 

21 

30 

113, 132, 133, 

134. 

Letpan Saw .... 

21 

10 

10 

94 

16 

40 

131. 

Yaw. 

21 

12 

0 

94 

17 

20 

132. 

Longyi . 

20 

46 

45 

94 

7 

0 

29, 30, 42, 45. 

Lonhaw .... 

22 

12 

40 

94 

5 

0 

108. 

Lungleh .... 

22 

54 

0 

92 

42 

0 

36. 

Lun stream .... 


.. •« 





133. 

Lushai hills «... 
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-River . 

Mandalay 
Manipur 
Maw River . 

Mayin . 

Mehin . 

Mezali 

Minbu 


20 38 55 

21 24 30 

20 69 45 

22 36 0 

19 20 0 

21 22 0 

21 64 0 

26 64 0 


22 4 0 

20 68 10 
20 19 20 
20 11 0 


- Yoma 

Mindat Satan 
Mindezu 
Minhla. 
Minywa 
Mogaung 
Mokoema Kon 
Mokoeokon . 
Mon River . 


Mount Popa see Popa, Mount 
Mount Victoria see Victoria, 
Mount .... 
Myaing .... 


94 26 30 
94 44 45 
94 10 8 

94 40 0 

94 13 0 

94 17 0 

96 12 0 

93 42 0 


94 29 45 
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94 63 0 


77, 78. 

16. 

48. 

15, 119, 120. 

24, 26. 

84, 116. 

60, 73, 100. 
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22 . 

16, 17, 61, 62, 
106, 107, 121. 

118, 129. 
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21 

45 

30 

64 

42 

0 58. 

19 

58 

0 

95 

3 

0 18. 

22 

1 

15 

94 

5 

40 44. 

21 

57 

0 

94 

33 

30 59,72. 


.... 


■ 

.... 
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21 

44 

30 

94 

27 

20 103. 


.... 



•... 

14, 28, 


21 36 45 94 51 40 


100, 134. 
29, 135. 

13, 19, 31. 

1, 15, 38, 62, 
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66, 85, 86, 
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104, 112, 
120, 121, 1 
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Myaukkon . 



22 

10 

30 

94 

8 

0 

44. 

Myaukma Kyin . 




•... 



.... 


49. 

Myauktaw . 



21 

43 

50 

94 

36 

0 

119. 

Myaung-u . 



20 

29 

40 

94 

20 

35 

67, 76, 77, 78, 










131, 132. 

Myayeik Taung . 



22 

9 

10 

94 

59 

40 

136. 

Myekmyaung 



21 

55 

20 

94 

16 

36 

43. 

Myekmyaung chaung 




.... 



.... 


47. 

Myeni . 



21 

23 

20 

94 

20 

0 

84. 

Myetthaung Daung 



22 

13 

16 

94 

57 

0 

136. 

Myingyan 



21 

26 

30 

96 

22 

30 

13. 

Myinwadaung 







.... 


22. 

Myittha River 




.... 





16, 17, 19, 121. 
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Nahedon 



20 

42 

0 

94 

9 

0 

43. 

Naga hillB . 




.... 



.... 


37. 

Naletaw stream . 




.... 





124. 

Nalle taung . 



20 

57 

0 

94 

30 

0 

14, 102. 

Nangkam hill 




.... 





36. 

Negrais cape 



15 

54 

0 

94 

12 

0 

23. 

Nellingontaung 



20 

47 

60 

94 

30 

15 

102. 

Ngahlaingdwin 



20 

41 

20 

94 

22 

40 

60, 64, 65, 69, 70, 










76, 77, 78, 79, 
80, 87, 93, 113, 
114, 115, 116, 
127, 128, 130. 

Ngakyiywa . 



20 

41 

0 

94 

7 

15 

29. 

Ngale stream 




.... 



.... 


129. 

Ngamyaung 



21 

46 

0 

94 

36 

10 

134. 

Nganyaung . 



21 

60 

46 

94 

26 

30 - 

118. 

Ngape 



20 

4 

10 

94 

28 

6 

43,60,73, 75, 76, 










78, 81, 88, 131, 
132. 

Ngapya 

. 

. 

20 

66 

0 

94 

23 

30 

68, 70, 82. 

Ngapya-wa . 

. 


20 

64 

5 

94 

26 

0 

116. 

Ngaahandaung 

. 

. 

20 

38 

66 

96 

4 

40 

97, 98, 99, 126, 










130. 

Ngatawzok • 

• 

• 

20 

60 

0 

94 

5 

30 

29, 30. 
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Nwamataung 


Nyaungbintha 
Nyaungbinywa 
Nyaungkan . 
Nyaungnyigin 


94 19 36 


14, 17, 28, 62, 77, 
112, 113, 114, 
116, 116, 128, 
131. 


21 

33 

30 

94 

26 

0 83. 

20 

41 

45 

94 

26 

0 114. 

21 

16 

62 

94 

13 

30 49. 

20 

51 

50 

95 

1 

0 126. 


Okhmm 
Okkau 
Ondaw 
Ondwo. 
Onwa . 


21 28 55 

22 10 30 

21 48 30 

20 6 50 

20 48 30 


94 18 45 128. 

94 66 20 136. 

94 6 45 107, 108. 

95 8 40 112. 

94 12 10 48. 


Pa-aing 
Padaung 
Pagan . 


Pagyidaung 

Paikaok 

Pakokku 


Pale . 
Pangan 

Pani . 


20 52 10 

18 43 0 

21 10 15 


20 39 6 

21 18 0 


21 66 0 
21 42 20 
20 46 16 


94 26 0 36. 

95 8 36 75, 76. 

94 61 30 16, 77, 97, 98, 

101 , 102 , 112 , 
113, 124, 126, 
130. 

16. 

94 8 36 29. 

95 6 0 1, 2, 12, 13, 14, 

16, 16, 19, 20, 

21, 23, 24, 29, 

32, 34, 36, 37, 
39, 44, 45, 46, 
49, 62, 63, 60, 
67, 69, 70, 71, 
76,76, 83, 111, 
113, 116, 134. 
94 62 46 1, 17. 

94 49 60 58. 
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Plaom. 


Pasok . 
Pauk . 


Paungbin 
Paung chaung 
Paunggyi 
Paunglin 
Payagyigon . 

Pegu Yoma . 
Peinchaung . 
Pindauugtauug 
Pole . 

Pondaung range 


Ponna 

Ponnyadaung range 

Popa, Mount 
Powin Tanng 
Prome 
Pyindin 

Pyingyi . • 

Pyonma Sakan 

R 

Ramri Island 
Rangoon 


Latitude. 




0 

/ 

0 

• 

• 

21 

22 

60 

• 

• 

21 

27 

20 



21 

39 

0 



20 

1 

40 


. 

20 

31 

20 


• 

20 

43 

45 


. 

20 

47 

40 



21 

10 

5 


21 43 30 


20 65 0 

22 3 20 

IB 42 0 

20 32 0 

20 64 40 

21 6 36 


19 6 0 


Longitude. Pages. 


94 11 66 62, 68, 69, 84, 

128. 

94 28 30 1, 16, 16, 45, 49, 

62, 63, 64, 00, 
84, 111, 112, 
118, 128. 

94 46 40 120. 

131. 

94 29 15 30,32,43. 

94 44 0 111. 

95 4 10 97, 98, 99, 101, 

120 . 

100,112,136. 

94 9 20 48. 

15. 

94 12 30 45. 

14,16,52,54,61, 
84, 112, 113, 
116, 117, 118, 
119, 126, 129. 
132. 

94 6 6 107. 

14,16,46,52,64, 
112, 117, 118, 
121, 128, 129. 

95 18 0 29, 136. 

94 69 30 136. 

96 16 0 19, 22, 24, 74. 

94 20 30 114. 

94 4 26 30. 

94 15 0 115. 


93 48 0 24,26. 

15. 


I 122, 123, 134. 

r 


Sabe . 
Sagaing 


S 


21 17 0 
21 60 0 


94 48 0 
96 0 0 
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Latitude. 

Longitude. 

PagwJ. 





o 

/ 

• 

o / 
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Sale . 




20 

49 

46 

94 

60 

0 

111. 

Salin • 


, 


20 

34 

40 

94 

40 

0 

1, 17, 67, 111, 











112. 

-River . 

# 




. • • 



... 


13,14,17, 64,69, 











77, 80, 115. 

Salingyi 

. 

. 

. 

22 

68 

40 

94 

5 

0 

1, 136. 

Sandoway district 


. 

• 


.... 





13, 24. 

Satha Taung 

. 

. 

. 

22 

11 

30 

94 

32 

30 

15. 

Saw 

. 

. 

. 

21 

9 

0 

94 

9 

30 

27,31, 36,42, 46, 











47, 48, 49, 54, 
116, 116. 

— River 





.... 



.... 


16, 31, 46. 

Seikche chaung 





.... 



.. • • 


63. 

Seikkwa 




21 

7 

45 

94 

48 

10 

122, 127. 

Seikpyu 




20 

64 

15 

94 

47 

45 

1, 13, 112, 115. 

Semindaw . 




21 

63 

30 

94 

6 

45 

61, 62. 

Shauktaung . 





.... 



•... 


35. 

Shawbyubin 




21 

48 

60 

94 

16 

20 

47. 

She chaung . 





.... 



.... 


47. 

Shinmataung 





.... 



.... 


135. 

Shwekondaing 




21 

49 

0 

94 

6 

20 

62, 66, 107. 

Shwetagyi taung 





•... 



.... 


15. 

Shwezetaw . 




20 

0 

30 

94 

35 

0 

76. 

Sidoktaya . 




20 

26 

45 

94 

15 

0 

1, 13,14, 27, 28, 











43, 45, 48, 54, 
67. 

Silaung Taung 




22 

11 

15 

94 

59 

10 

135. 

Sinbyugyun . 




20 

39 

30 

94 

42 

0 

17. 

Sinchaung . 




20 

61 

45 

94 

6 

0 

30. 

Singu . 




20 

60 

36 

94 

51 

30 

92, 93, 96, 98, 











112, 126, 130. 

Sinle Taung . 




21 

13 

60 

94 

16 

0 

116. 

Sinzit . 




21 

63 

36 

94 

16 

30 

117. 

Sinrwe 




21 

46 

30 

94 

36 

40 

41,58. 

Sitpin . 




20 

60 

20 

94 

49 

20 

130. 

Sobya . 




21 

46 

10 

94 

16 

60 

46, 47, 128, 133. 

Sun taung 


a 


20 

22 

40 

94 

5 

20 

13. 

Suwin . 


• 


21 

41 

16 

94 

39 

46 

63, 130. 

Swele • 


• 


21 

43 

46 

94 

18 

0 

128. 

Swelegyin . 

• 

• 

• 

21 

0 

46 

94 

6 

0 

31, 42. 
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Tabaukkon . 



21 

34 

30 

94 

36 

45 

103, 112. 

Tabyin 



21 

27 

20 

94 

15 

30 

49. 

Tagaunggyin 



20 

45 

15 

94 

6 

15 

134. 

Tanbin 



21 

31 

30 

94 

19 

30 

128. 

Tandaw 



21 

47 

0 

94 

24 

40 

85, 129, 133. 
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LIST OF PLATES. 


Tlate 12, Fig. 1. —Shwenattaw Pagoda Ridge. View taken from half a mile S. W. 

by W. of Leye (19° 16' : 94° 53'), Mu (Mindon, Mahton) 
chaung , Thayetmyo district. 

Fig. 2.—Low dipping strata of the Middle Sandstone Division (Okhmin- 
taung Ridge series) of the Pegu series in the Chinhnit chaung , 
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The Geology of Parts of the Minbu and Thayetmyo 
Districts, Burma. By E. L. G. Glegg, B.Sc., Superintend¬ 
ing Geologist, Geological Survey of India. (With Plates 
12 to 17.) 

CHAPTER I. 

INTRODUCTION. 


The area which it is proposed to describe in the following pages 
lies entirely on the western bank of the Irrawaddy river. It is 
bounded on the north by latitude 20° 30', on 
defcHbed*^ 08 °* Area sou ^ ^ latitude 19° O' and on the cast 
by the Irrawaddy river. On the west the 

boundary cannot be so definitely delineated; it runs practically 
parallel with and to the west of the 4 Axial ’ boundary of the Arakan 
Yomas to the latitude of Kama (1ST O'). 

As far north as latitude 19 30', the area has been previously 

described by Theobald 1 and mapped on the scale of 8 miles- 

l-inch, wdulst selected isolated areas have been mapped and described 
by a variety of authors to whose publications reference will be 
frequently made in the descriptions which follow. 

In I860 the geological survey of Pegu was commenced by Mr. 
W. T. Blanford and Mr. F. Fedden and was later completed by 
Mr. W. Theobald up to the British frontier, 

f T *J eobald ’ 8 class!- a t that time situated about latitude 19 30'. 

Theobald 2 divided up the rocks met with into 
the following divisions :— 


1. Newer Alluvium 


II. Older Alluvium 


f (a) Blown sand 
\b) Littoral concrete 

(c) Mangrove swamp 

(d) Recent alluvium 
((e) Rcgur 

* (a) Older alluvium . 
(6) Sands and gravels 
(c) Laterite . 


Recent. 


1 Mtm . Qtol. Surv, 2nd ., X, pt. 2, p. 189, (1873). 
* Ibid, p. 39. 
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HI. F os ail.wood group 

IV. Pegu group 

V. Nummulitic group 

VI. Negrais Rocks 
VII. Mai group 
VIII. Axial group 
IX. Moulinexn group 
X. Gneiss of Martaban 


Post-Pliocene to Pliocene. 
Miocene. 

Eocene. 

Lower Eocene to Cretaceous. 
Cretaceous (Cenomanian). 
Triassic (Lilang scries). 
Carboniferous. 

(?) 


Trachyte , serpentine, granite, el van, dykes. 

The same author 1 sub-divided the Fossil-wood group in dose-cud 
iug order into—- 

(a) Fossil-wood sands. 

(b) Fine silty clay. 

(c) Mogoung sands. 

The ‘ fossil-wood sands ’ he defined as ‘ sand—in parts gravelly 
and conglomeratic—characterised by the profusion of concretions of 
peroxide of iron associated with it; fossils, trunks of silicified 
exogenous wood and locally mammalian bones, etc.,’ the ‘ fine silty 
clay ’ as ‘ fine silty clay, with a few small pebbles mixed with sands 
in strings here and there, the whole very fine and homogeneous and 
devoid of fossils ’ and the Mogaung sands as k a mixed assemblage 
of shales, sands and conglomerates, the last very subordinate, 
partaking much of the characters of (a) and (b) ; a little concretionary 
oxide of iron, fossils, rolled silicified wood, mammalian and reptilian 
bones and cartilaginous fish teeth. Towards the base, the beds 
contain marine shells and pass into those of the next group.' 


His Pegu system he sub-divided into— 


Kama olays— 
Prome Beds B 
Prome Bede A 
Sitasyan shales 


1,418 | 1,959 feot- 
800 feot. 


In 1897, Dr. F. Noetling 2 in his paper on ‘ The Development and 
Sub-division of the Tertiary system in Burma ’ agreed that Theobald’s 
Noetling’s class!- division of the Tertiary rocks of Lower Burma 
ficatlon. into— 

Younger Tertiary. 

Older Tertiary . ..... Nummulitic group. 

could be recognised in Upper Burma but did not consider Theobald 
had delineated these groups sufficiently accurately. He also con- 


1 jRec. Geol. Burv . Ind. t II, pt. 4, p. 80, (1869). 

» £ec. Geol . Burv. lnd. t XXVm, pt. 2, p. 60, (1895). 
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sidered the sub-divisions made by Theobald as having no more than 
a local importance. Noetling went on (p. 61) to divide the Burma 
Tertiaries into two main sub divisions, viz .:— 

1. Upper Tertiaries or Burma series. 

2. Lower Tertiaries or Arrakan series. 

He included in his Arrakan serie>— 

1. the Pegu division. 

2. the Nummulitie division. 

Noetling remarked (p. G3) that the name 4 Pegu group ’ was 
proposed by Mr. Theobald for a very important series of beds between 
the Eocene or Nummulitie division on the one hand, and the fossil- 
wood division on the other, and commented on Theobald’s indefinite 
delineation of the fossil-wood group. Tie then defined the Pegu 
system as ‘ that series of beds which are between the Eocene rocks— 
charactersed by their peculiar marine fauna and the Tnawaddi 
division- characterised bv its peculiar terrestrial fauna.’ In sub- 
on iding this system in Upper Burma, he inserted a Yenangyaung 
stage for the series of strata intermediate between the Prome stage 
and the fossilwood group (Irrawaddi division) owing to the marked 
lithological difference which distinguished the overlying series of 
beds from the Prome stage. 

As pointed out by Pascoe 1 in describing the inlying rocks of the 

Upper Burma anticlines as of ‘ Minbu ' facies, the clays of the whole 

series are of a light but rather intense blue when unweathered, but 

olive or brown when weathered for any length of time, and this 

lithological difference is evidently an accidental 
Pascoe’s Classification. n , . . 

lcature due to weathering and useless as a 

basis for stratigraphical sub-division. Pascoe 2 divided the rocks of 

Lower Burma relevant to the present paper into— 


Recent Alluvii m. 


Recent. 


Pegu series 


Plateau deposits (Crnvel nnd Red earth) 
Irrawaddi Sandstone or Irrawaddian. 
(Fossil-wood group! . 
f lieds above Kama Clay 
I Kama (May 

\ |,,ome St, '8 e • ' Lower ! 

^ISitsayan shales . 

Nummulitie series 
Negrais series 
Mai System (‘ Mai’-i group of Theobald) 
Axial Beds (Axial group of Theobald) 


Pleistocene. 

riiocene (including Pontian). 


^Miocene and Oligocene. 

Eocene. 

Eocene or Cretaceous or both* 
Cretaceous. 

Cretaceous and Triassic, 


1 Mem. Qeol. Surv. Ivd ., XL, pt. 1, p. 18, (1912). 
8 Ibid., p. 11. 





140 


GEOLOGY OF PARTS OF MINBU AND THAYETMYO. 


thus accepting a slight modification of Theobald’s original classifica¬ 
tion. He did not agree that there was an unconformity between 
the Sitsayan shales and the Nummulitics as was stated by Dr. 
Murray Stuart 1 in his paper 4 The Geology of Western Prome and 
Kama ’ wherein the latter everywhere ‘ succeeded with little diffi¬ 
culty in distinguishing the sub-divisions suggested by Theobald’, 
viz .— 


Stuart's classification. 


4. Kama clays. 

3. Upper Prome series (Section B of Theobald). 

2. Lower Prome series (Section A of Theobald). 

1. Sitsayan shales. 

but found unconformities between the Nummulitic series and the 
Sitsayan shales and the Pegu and Irrawaddy systems. 

Stuart discarded Noetling’s Yenangyaungian and Pron ean stages, 
the former equivalent to the Kama clays and Upper Prome series, 
and the latter to the Lower Prome series and 
the Sitsayan shales, as he considered they were 
‘ totally unsuitable both as names and divisions.’ The basal beds 
of the Irrawaddy system according to Stuart were marine, he having 
fallen into the error of trying to correlate the fos.sil-wood group 
of Theobald with the Irrawaddy division of Noetling, an excusable 
error. The same author 2 in a paper on the ‘ Recorrelation of the 
Pegu system in Burma with Notes on the Horizon of the Oil bearing 
strata, including the Geology of Padaukpin, Banbvin and Aukmanein’ 
gives the following table for the correlation of tin 1 Thavetmvo 
sequence with the European development. 


Age. 

Europe. 

Piiiina. 

Upper Miocene 

Pontian 

Lowest beds oi the 

hrav\«tdd\ series 



will] mammalian 

bones. (Mai me 



lx ds mu ertain). 


f 

Sarmatian . f 

Unconformity. 


Middle Miocene y 

Tortonian . < 

Kama elavs (Petro-^ 


| 

| 

leum bearing | 


l 

Helvetian . f 

Btrata). 


Lower Miocene • 

Burdigalian . 

Ditto 

fPcgu system. 

r 

Aquitanian . f 

Upper Prome Berios . 


Oligotene . • < 

Stampian . J 

Jjower Prome series . 


l 

Tongrian . | 

Sitsayan shales . J 



l 

Unconformity. 


Eocene"* . , 


Nummulitics. 



i 

(BASSEIN SYSTEM). 


1 Rec . Oeol. Svrv . lnd. t XXXV111, p. 260, (1909). 
* Op. ciL, p. 279, (1909). 
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In this paper Stuart merely elaborates the sequence given in his 
previous one. 

In 1909-10 Dr. G. de P. Cotter 1 paid a visit to the Ngape area 
of the Minbu district and described the stratigraphy of a section of 
. ^ f beds along the Man river which extended from 

o er s c ass cat on. shales up to the base of the Irrawaddy 

system and gave descriptions of the fauna occurring in the Upper 
Eocene and Oligocene beds of this section. This paper in conjunc¬ 
tion with the stratigraphy described in two later papers 2 forms the 
basis of the detailed stratigraphy carried out in the Nwamataung, 
Pondaung and Ponnyataung Ranges of the Western Minbu and 
Pakokku districts on which all later work in this part of Upper 
Burma has been based. The sequence as given by Cotter in his paper 
on ‘ The Geotectonics of the Tertiary Irrawaddy Basin ’ is aa 
follows :— 

Irrawaddy Scries, Pontian to Pliocene. Thickness probablv 
about G,000 ft. 

Pegu Series, Miocene.—Thickness about 8,000 ft., in south 
Minbu ; in Pakokku, this series and the Oligocene together 
are represented west of Pauk by fluviatile sandstones about 
7,000 ft. thick. 

Padaung Clay s, Upper Oligo *ene. Thickness 1,500 ft., in Minbu; 
represented by sandstones of fluviatile character in Pakokku. 

Shwezciiaw Sandstones, Lower Oligocene. —Thickness varies from 
3,000 to 3,500 feet. 

Yaw Shales, Upper Eocene. Thickness varies from 1,600 to 
2,000 feet. 

Ponduung Sandstone, Upper Eocene -Thickness varies from 
3,000 to 8,000 feet. 

Tabyin Clay, Middle Eocene.—Thickness about 5.000 feet. 

Tilin Sandstones , Middle Eoeene. -Thickness varies from 2,000 
to 5,000 feet. 

Laungshe Shales, Lower to Middle Eocene.- Thickness varies 
from 9,000 to 12,000 feet. 

Paunggyi or Swelegyin Conglomerates, Lower Eocene.—Thick- 

ness varies from 2,000 to 4,000 feet. 


* Bee. Geol. Surv. hid., XLI, p. 221, (1912). 

* Bee. Gaol. Surv. hid., XL1V, p. 163, (1914): 

Jour. Asiat, Soe. Beng. N. S. XIV, p. 409, (1918). 
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Prior to this however, but subsequent to Cotter’s examination 
of the Pegu-Eocene succession in the Ngape area, Stuart 1 published 

Stuart’s correlations table showing the correspondence 

of rocks of Sind, Balu- of the Eocene, Oligocene and Miocene strata in 
chlstan and Burma. Sind., Baluchistan and Burma which he stated, 
expressed the views shared by him with Cotter and Vredenburg. 


Europe. 

Sind and Baluchistan. 

Burma. 

Sarmato-Pontian 

Lower and part of middle Man- 
char and Siwaliks. 

Lower part of Irrawaddy Series. 


Second Phase of Himalayan 
upheaval. 

Unconformity mapped as boun¬ 
dary between Lravaddy and 
Pegus. 

Vindobonian 

Upper Hinglaj 

(Not known m Burma.) 
Beds with 0. digital ma , 

0. crassissvina cic.=- 
Akauktaung Series. 

Frequent stratigraphioal 
gap. 

Prome stage and Kama ' 

clay with Gaj fossils. | 

Beds with Lepidocyclina I 

thcobaldi, Hcterostegina | 

sp.. etc. (Nitsayan 

Beds). 

Clypeaster Beds. ( 

i 

1 

Burdigalian 

Aquitanian 

talin 
etc. 
Uppen 
beds 
Gaj Be 

Nari < 

a , 0. virleli, 0. petrosa, 

most Gaj ; base of Bugli 

ids 

'Upper (with Lepidocyc - 
lina dilatata and L. 
elephantine). 

Lower (with Nummvliies 
intermedius and lcpi- 
docyclines). 

i 

4 

1 

i* 

Oligooene . 

! 

Bartonian . 

First Phase of Himalayan 
Upheaval. 


Lutetian 

Khirthar stage 

Laki stage .... 

Ranikot stage 

Beds with A. vredenburg i, A. 
beavmonti, V elates echrnidili, 
etc. 

Lower Eocene 

granulosa. 

(Not known in Burma). 



Later Vredenburg 2 published a revision of some portions of Dr* 
Noetling’s second monograph on the tertiary fauna of Burma and 
in this discussed the age of Noetling’s post-Eocene faunas. 


Vredenburg’s classl- He obtained the following sequence for the 
faunas! ° f tHC PC * U ^ our principal faunas dealt with by Noetling— 

4. Kama. 

3. Singu. 

2. Minbu. 

1. Yenangyat. 

i Bee. Oeol. Surv. Jnd XLI, p. 253, (1911). 

* Bee. Oeol. Surv. Ind., LI, p. 224, (1920), 
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and found (p. 243) the Yenangyat and Minbu faunas closely connec¬ 
ted with the lower Nari fauna of western India, the age of which 
is either lower Oligocene or more probably middle Oligocene, that 
is, approximately Stampian, the Minbu f.iuna being situated nearer 
to the upper limit of the Stampian than the fauna of Yenangyat. 
The Singu fauna which is shown by the stratigraphy to be newer 
than the Yenangyat Minbu horizon he found to be still closely 
related to the Nan fauna, though showing a certain admixture of 
forms characterising the (Jaj of Western India or the Burmese 
equivalents of the G i j. und therefore faunisticallv somewhat inter¬ 
mediate between the Lower Nari and the (-Jaj and evidently stra¬ 
tigraphic ally coinciding with the Upper Nari. He loi nd the Kama 
/one as ‘ unquestionably the equivalent of the Lower (Jaj of Western 
India and of the Kembang .-.eriev of Java These conclusions 
were stratigraphically corroborated by the late Messrs. H. S. Bion 
and Scthu Rama Rau in Eastern Thayetmvo where the Kama fauna 
was found clearly overlying the fauna of the oil fields. Yredenburg 1 
bv combining the sequence of the post-Eocene beds discussed, 
with the classification of the Eocene established by Dr. Cotter 
(ante) obtained the following scheme for the classification of the 
Burma Tertiaries - 

12. Irrauttddi boiiec. Mind-tone*. VkuukUiuo,.’ ‘■encs. mo Pliocene and Pontmn 
and <*la\s, about 0 000 baWc mnnno oqumi (*' with Vindo* 

hat. Icnts of (ho hrawaddi bonianh 

-cries, ->ton< n mid 

-.halt*", about 1,000 feet. 

II. Pyalo stage, sandiaone*, j>ehhlo-beds. shales about I,.“00 Approximately Burdi- 
feet (perhaps a basal member of the Akmil^aum.' senes). Italian. 

10. Kama stage, *ha1os and sandstones about J,600 to 2.000 feet Approximately Arjui- 

tunian. 

0. vSingu atu^e, sandstones and shales <ibout 1.600 feel Approximately f’bat- 

tian. 

5. Kitsayan state, principally shales with subordinate smd Approximately Stain- 

stones 1,600 to 3,000 feet. pinn. 

7. Shwewttaw stage, mostly sandstone about 3,000 feet Approximately letter 

han 

6. Yaw stage, largoly shales, about 1.600 to 2,000 feet . • ) tt v 

6. Pondaung stage, principally sandstone, 3,000 feet and more t upper oeeno. 

4. Tabyin stage, principally shales about 6,000 feet . .") 

3. Tilin stage, principally sandstones, 2,000 to 6,000 feet 

2. Laungshe stage, principally shales, 9,000 to 12,000 feet . >Eocene. 

1. Paunggyi or Swelegyin stage, principally pebble beds, 2,000 I 
to 4,000 feet. ‘ J 

Vredenburg drew attention to the discrepancies between this table 
and the previous one published by Dr. Murray Stuart (p. 142 ante) 

1 Op . tit. p. 32L 

c 
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for which lie was largely responsible and accounted for the differences 
as being due to the great advance of knowledge realised during the 
intervening years. 

In 1922, Cotter 1 published a paper to accompany a map made of 
the Thayetmyo area by the late Mr. H. S. Bion, and drew attention to 

Cotter: correlation ^hat k oun d al 7 adopted as the 

of Pakokku and Prome base of the Irrawaddies by Bion, differed 
areas * from that taken by Stuart 2 , and pointed out 

how this discrepancy had occurred; he gave the provisional 
table (p. 14- r >) to show the correlation of the Thayetmyo sections 
with those of Pakokku, Minbu, Prome and Henzada. In this table 
Cotter suggested that the Sitsayan shale of Prome and Henzada 
was possibly the representative not only of the Padaung clay of 
Minbu but also of the underlying Shwezettaw stage. 

Cotter pointed out objections to the stage name Sitsayan , 
since at the type locality the shales appear to be barren of fossils, 
and suggested that this name be discarded and the name Padaung 
adopted, as already adopted for thi i horizon by himself, in consult¬ 
ation with Messrs. G. H. Tipper and H. S. Bion. 

Holland'* classifies Thi* h as ^ een ^ one ^ Holland 3 who com¬ 
mon and correlation of bines Vredenburg’s correlations with the results 

Burma Tertiaries with obtained bv G. de P. Cotter in Upper Burma 
Java and Western India. . „ ri 

as follows :— 


— 

Burma. 

Java. 

Western India. 

Pontian . 


Akauktaung . 

Odeng 

Talar. 

Vindobonian . 
Burdigalian 


Pyalo . 

Tji Lanang 
Njalingdum 

| Upper Gij. 

Aquitanian 


Kama . 

Item bang . 

Lower G&j. 

Chattian 


Singu . 




Upper Nari. 

Stampian 


Padaung 


>Not identified. « 


Lower Nari. 

Lattorflan 


Shwezettaw . 



L 

Mula pass lime* 





stones. 

Upper Eocene . 


Yaw and Pondaung 

Nanggulan. 


Lutetian 


Tabyin and Tilin . 



r 

Kirthar. 

Libyan . 






Laid. 

Upper Cuisian . 


Laungshe 





Lower Cuisian . 

h 

I 


>■ ■< 


Upper Ranikot. 

London Clay . 







Woolwich and Read¬ 

i 

ft Paunggyi or 




Lower Ranikot. 

ing beds+Thane t 

i 

Swelegyin. 





sands. 

J 

1 

1 



1 Bee. Oeol. Surv. Ind., LIV, p. 103, (1922). 

* Bee. Oeol. Surv. Ind. f XXXVIII, p. 259, (1910). 

* Mem, Geol. Svrv- Jnd. t LI. p. 27, (1926). 







Deltaic and shore Deltaic and coastal Mogaung sands Marine Irrawaddy’ Akaukt&ung beds, j Akauktau 
deposit*. deposits. and Turritella (Stuart, 1910). aulPyul 
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Tabyin clay. Nwamataung sand- Not known . Not examined. Unfossiliferous. 
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In 1925, Stamp 1 introduced a Migyaungye stage between the 
Kama stage and the Singu stage 4 to demonstrate the great thickness 
Attempt of Stamp to roc ^ s in which the characteristic fossils of 
introduce Migyaungye the Singu and Kama stage are found together \ 
Stamp gave no lists of the species characteristic 
of or occurring in his suggested Migyaungye stage, and as it was 
only after a great deal of study and by a most careful compilation 
of data that Vredenburg was able to separate the two distinct 
faunas of Kama and Singu, and then only owing to the Miocene 
character of the former and the Oligocene character of the latter, 
Burma geologists find themselves unable to accept the Migyaungye 
stage. 

Since then geologists of the Burin ah Oil Company have made 
a succession of close large-scale traverses across the Pegu rocks, as 
mapped by myself and colleagues, from the 

Company classification!' base of ’ tUe Irrawaddy sandstone series down 
into the Eocene and the divisions into which 
they found it possible to divide the rocks is given by Lepper 2 as 
follows :— 


Miocene-Pliocene 

. Irrawaddy series . 
Unconformity. 

Pegu series. 

Miooenk . 

C The Obogon alternations 
. ^ The Kyaukkok sandstones . 
(.The Pyawbwe clays . 
Unconformity. 

Omgocenl 

f The Okhmintaung sandstones 
. < The Padaung clays 
tThe Shwezetaw sandstones 
Eocene series. 


Thickness 

(feet). 

r>,000—10,000 


up to 3,000 
„ 6,000 
„ 3,000 


0 to 4,500 
up to 2,600 
2,000—4,000 


Eocene 


'The Yaw stage (*)f ..... 

The Pondaung Bandstonos(*jt 
The Tabyin clayB(*) . . . . . 

. < The Tilin sandstone** .... 
The Laungshe shales* . . . . V 

The Paunggyi conglomerates*. Grits and 
shales below. 

Unconformity. 


1,000—2,000 

up to 0,600 


26,000 (?) 


Prk-Tbrtjary . . The Axial group* of metamorphics and intrusives. 


* At established by the officers of the Geological Survey of India. 

t The Yaw Stage-Pondaunc boundary is not quite the same as that mapped by the Geological 
Survey of India. - * 

1 Geol. Mag., LXII, p. 518, (1926). 

* World Petrvfatm Congress, Vol. 1, p. 16, (1933). 
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The inconstancy in thickness of the various divisions into which 
the Burma Oil Company geologists have found it possible to divide 
the Pegu series can be inferred from the limiting thicknesses which 
are given for the various divisions. The lateral variation which 
these wide limits imply render these divisions impossible to map as 
continuous entities on the old and sometimes inaccurate ono-inch 
to the mile maps that were available south of the latitude of Minbu 
when I was working there, although in certain places the sequence 
could be recognised in a general way 1 have indicated this general 
sequence in my map (Plate 17) by hachuring south of latitude 
19° 4/V, so as to make the coireiation oi the Pegu System which is 
given in the following table more obvious 


Correlation of the Pegu System at Prome , Kama, in Western Thayetmyo 
and in North Minbn. 


Promo 
Latitude 
(18° 50'). 

1 

Kama (L«t UP , 
”') 1 
1 
1 
i 

W eat of , 

Timetrn'o 1 
tint IP Jo) j 

\ort h M in I'll 
(J at J0 C l r > ) 

Iluima Oil 
( ompany 
iiomoiK lature 
(Probable corre¬ 
lation with ) 

s tage 

Prome 

Sandstone* 

1 

Upper Sftn<h 1 

Series I 

1 

t pptr ^snd> ! 

smi ■» 1 

Upper N>nd' < 
Seiles 

1 

Obogon Alterna¬ 
tions 

K\aukkok sand¬ 
stones 

Hehetian Torto- 
nian 

Burdigallan (in- 
, eludes Prome 
Sandstones). 

1 


Kama cla\ s 

Knm i < l.n t* of 
Padaukpin 

Mmle series 
of SJiasilK) 
chav vg 

P\ iw bwe clavs 

I 

\quitanlan. 

HiUayan < 
Shales 

’ 

1 

Middle Sandy 
Series east of 
Kyaukme 

Okhnuntaung 
ridge and 

Monatkon sand¬ 
stones 

Middle Sands 
Series 

Okhinintaung 

sandstones. 

Ohattian. 


Padauna clays of 
Kvaukinc 

Padaung clays of 
Tlyo valiev 

i 

Padaung <laje 

Pad umg elajs 

Stampian. 



Shwesetaw sand¬ 
stone^ weak] v 
developed). 

Shwe*etaw eand 
stouesfweaklv- 
deveIoj>cd) 

fchwerctaw 

sandstones 

bhweretaw sand¬ 
stones 

Lattorflan. 

Eocene 


Eocene 

Eocene 

Eocene 

Eocene 

Eocene 


I have given this synopsis of the development of the correlation 
of the Tertiary strata in Upper and Lower Burma to show the great 




148 GEOLOGY OF PAM’S OF MtNBtJ AND THAYETMYO. 

confusion that has occurred owing to one set of mappers working 
from the north, southwards, and the other from the south, north¬ 
wards. I had the task of joining up the isolated work of these two 
parties in the south-west part of the Minbu and the west of the 
Thayetmyo districts by mapping along the Eocene boundary in the 
western outcrops. This I did during the 1921-22, 1922-23, and 
1923-24 field-seasons, whilst two short visits during 1935 and 1936 
to west and south-west of Thayetmyo were occasioned by doubts 
as to the accuracy of the Pegu-Eocene boundary between Thakut- 
kyaw (19° 18': 94° 54') and Thapangyo (19° 5': 94° 57'). No 
faunistic evidence of Eocene rocks was known to occur along the 
boundary between these two places and it appeared probable that 
Theobald's and Murray Staurt’s boundary to which I had previously 
concurred although mentioning this lack of evidence 1 had been placed 
too high. 

Apart from the mapping of a large area of hitherto geologically 
unmapped country the stratigraphical results of my work show that 
the Sitsayan shales of the southern area are not only as tentatively 
put forward by Dr. Cotter, the equivalent of the Shwezetaw sand¬ 
stones and Padaung stage of the Ngape area, but also of the Singu 
stage and part of the Kama stage and that the Velates band of the 
Yaw stage and the Kyet-u-bok band are homotaxial. 

On the sketch plan (figure 1) are shown the various topographi¬ 
cal one-inch sheets of the Survey of India which cover the area. 
With the exception of Sheets 84 L/3, 7, and 8, they were at the 
time of my survey all of the old style with sketched contours. The 
country along the western outcrops is covered by jungle at times 
very thick and in the Sidoktaya-Ngape-Mindon and neighbouring 
valleys the endemic malaria is of a particularly virulent type. 


Bee, Oeol . Surv. Jnd. t LVTU, p. 45, (1926). 
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L ----I 

Scale of miles. 

F,q. 1—Sketch map showing the numbers of the Survey of India topographical sheet* ooyering 

the area described. 
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CHAPTER II.—PHYSICAL FEATURES, CLIMATE AND VEGE¬ 
TATION. 

The whole of the area described is drained by the Irrawaddy 
and the tributaries which join it on the right bank, the larger of 
which rise in the Arakan Yoma between 4Q and 
mu uma*. 5Q miles to the west. tn the north, the 

closely packed langes of the Arakan Yoma and Nwamadaung form 
the western boundary; they gradually decrease in height eastwards and 
eventually give rise to the alluvial plains of Pwinbyu and Sagu. 
West of Sidoktaya (94° 14' ; 15° 25') the mountains rise steeply 
to the peak of Suntaung (6527) on the Arakan Yoma watershed, 
which runs southwards through a series of peaks of between 4,000- 
5,000 feet in height of which the chief nro Pwegwedaung, Natve- 
gandaung (4795), and Yeyindaung (4925). ThU watershed forms 
the western boundary of the Minbu and Thayetmvo districts and 
the eastern bo in larv of the Arakan coast districts o 1 ' Ivvaukpyu and 
Sandoway. 

East of Sidoktaya the Nwamadaung range rises to a height of 
1620 feet in the broken mountainous ridges of the Mvaung-u reserved 
forest. Northwards this range gradually in- 
wama aung anc[e. creases Xoigh-t until in the Pondaung hills 

of the Pakokku district it attains to 4,000 feet in the highest 
ridges ; southwards it decreases in height for a few miles to where 
the gorge of the Mon river breaks through between Kvi-on and 
Mezali only to rise again on the south side of the gorge to a height of 
1686 feet mid-wav between the Mon and the Man, whence it decreases 
in height to the latter river east of Ngape (20 5' ; 94^ 28'). Here 

another gorge is formed where the Man river cuts through the highest 
ridge of the range. Up to this point the main Nwamadaung range 
is formed bv a number of sandstone ridge separated bv deep shale 
valleys, the whole forming a series of scarp and dip slopes, the latter 
facing east and east by north. The strike of the range from being 
almost due north, north ol the Mon, swings eastwards at that gap and 
at the Man crossing is found striking south-east. Thereafter, the main 
range loses the regularity which it has previously held but continues 
southwards as a high range in a general south-east by south 
direction, and is made up of peaks of 1201, 1300, 1388, 1383, 1692 
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(Kataungtaung), 1705 (Kaukketaung), 1653 (Nwalantaung), 1878 
(Okhmintaung), 1298 (Ingyintaung) and 1105 (Myegyataung) feet in 
height. 

This irregularity of the Nwamadaung range south of the Man 
river is due to the more intensive folding which the tertiary 
rocks have received on the swinging in of the Arakan Yoma 
to form the narrow portion of the Pegu gulf in the latitude 
of Prome. The squeezing has repeated the 
ma^ung t Ran^° < NW *" roc ^ 8 forming the Nwamadaung range, and at 
the Mail crossing and to the immediate south, 
the repetition is caused by faulting, but further soutli more normal 
anticlinal folding makes up the main ridge to where it peters out 
on the Thayetmvo-Mindon road. At this point the more westerly 
ridge, which has formed the western flank of the string of synclinal 
basins which run south from Sabagyidan on the Man river, and 
which lias become increasingly higher and more prominent as 
followed southwards through the peaks of Nwalantaung (1032) 
Teintaung (1009) Tebingyaw (907) and Nabedaung (1323) now 
becomes the main hill range east of the Yomas and runs southwards 
to w r est of Kama through the high peaks of Yomakase Taung and 
Theobyit-taung (1494). 

Although nowdiere in the southern area does the ground rise 
above 1782 feet and to that height only in Yomakase Taung, three 

Country south of miles 80uth - b >’ east of Vegvanzin. yet it is 
Thayetmyo-WIndon all definitely mountainous countrv. The 
valleys are all steep and deeply cut and in 
some places the ridges present bare dip slopes formed of grey fissured 
rather shaly sandstone in the joints of which, bamboo do occasionally 
manage to establish a precarious existence. Thi is particularly, 
the case in the Theobyit-taung ridge north of Singaw on the Mahton 
chaung, and here traversing becomes a rock climb as the spurs arc 
bare dip slopes and the streams in the rainy season a series of water¬ 
falls. The strike of the rocks composing them does not always 
correspond with the direction of the hill ranges and when looking 
north from Kvauktan at the south-end of Theobyit-taung ridge one 
sees a succession of ridges, each successively westerly one extending 
further to the south-east so that on the 1*—1 mile map the summit 
of the depicted ridge crosses the strike of the rocks. This cutting 
across of the ridges by the bedding of the rocks is seen further north 
on a smaller scale* in some of the occurrences of Eocene limestone. 
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Subsidiary Ranges, 


Subsidiary ranges in this area are:— 

(1) The ridge formed of intermittent limestones which crosses 
the Thayetmyo-Mindon Road at Mile 28, and running in a south¬ 
east by east direction climbs to over 1,000 feet 
in height just over a mile north-east of Tham- 

bula, and then thins out somewhat east of Thakutkyaw, where it is 
crossed by the Chaungmagyi chaung . 

(2) The Theobyit-taung ridge, set back a little to the east from 
the above. This ridge reaches 1,495 feet in Theobyit-taung and 
then turning south gradually falls to 953 in Myitmyin Taung , 
its most southerly peak just north of the Mahton chaung . 

(3) The Kado-Kadut-Taungnyo Taung ridge which replaces the 
previous one south of the Mahton chaung . This is a twin ridge, 
its easterly branch being the more prominent and attaining a height 
of 1,331 feet in Wetchan Taung before dropping to 1,099 in Taungnyo 
Taung only to vanish completely a mile and a half further to the 
south-east. 

(4) The Yomakase Taung ridge. This runs south-east from 
south of Yegyanzin and converges on the intermittent limestone 
ridge aforementioned (1) to merge with the Theobyit Taung ridge 
in Myitmyin Taung north of the Mahton ciiawng. Northwards it 
forms a horse shoe bend and, turning through an angle of 180°, 
crosses the Mahton chaung east of Sagade-Ashe to run parallel 
with but five miles to the south-east of Theobyit Taung ridge. 
It attains a height in this western limb of 1,158 feet in Sima Taung 
and then converging on the Kado-Kadut-Taungnyo Taung range 
disappears at Mataungda. 

(5) Parallel with the western limb of the preceding range are a 
series of rather irregular ranges all running in a general south-east 
by east direction. Where these have been examined they are 
characterised by intermittent foraminiferal limestones down to 
Pingadaung on the Made chaung. Discontinuity characterises them. 

West of the Nwamadaung range in the extreme north of the 
area described lie the flat alluvial plains of Pwinbyu and Sagu but 
as one proceeds southwards the more intense 
ot folding of the south makes its presence felt 
firstly in the steeply folded anticline of Minbu 
which emerges from the alluvium, just north of Minbu town. South¬ 
wards this fold forms a very regular hill range of between 400-500 
feet in height to latitude 20°; thereafter parallel folds are developed 


Folded ranges 
riverine areas. 
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and give rise to the hill ranges of Laungtahletaung (1346), Padidaung, 
Tamansam (12G4), Kyidaung, Legutaung (1485), Wunledaung (1512) 
and Myinbataung (1668) which strike into the Irrawaddy between 
Sinbaungwe and Thayetmyo. Parallel with these ranges to the 
west are the north-westerly pitching anticlinal hills of Mindegyi, 
whilst further south the Monatkon and Okpon dome sandstones 
form a marked feature, to re-appear again in the high Myinmagyi- 
taung or Lime-Hill ridge which strikes the Irrawaddy river at 
Peikthalein. South-west from this intermittent hill range, the south¬ 
east continuation of the fold of the anticlinal ridge which terminates 
north of the Thayetmyo-Mindon road is again seen running parallel 
with and to the north-east of the Mu chaung. Between this latter 
feature and the Lime-Hill anticline, folding has been responsible 
for the hills five miles west of Peikthalein and at Pyalo. 

The main drainage of the area is carried out by the Mon and the 
Man rivers in the north, and by the Mu (Mahton, Mindon) river 
Rivers with its long tributary the Pani chaung , and 

the Made river in the south. The first two 
rivers flow into the Irrawaddy between Yenangyaung and Minbu 
and the last two at Kama. All these rivers rise in the Arakan 
Yoma and flow for portions of their courses in the Sidoktaya-Ngape- 
Mindon valley, the big valley which separates the Arakan Yoma 
from the Nwamadaung range and its southern continuation. 

The Mon river rises to the north-west of Sidoktaya and after 
emerging into the Sidoktaya valley about 30 miles north of Sidoktaya 
town meanders southwards to Kyion where it 
is joined by its main tributary the Kyi chaung. 
The head waters of this latter stream are separated by a low 
divide from those of the Man river sixteen miles to the south, and 
judging by the size of valley, the Mon must have cut back into the 
Sidoktaya valley and beheaded the upper reaches of the Man river 
within comparatively recent geological times. From Kyion the Mon 
cuts eastwards through the ridges which form the Nwamadaung 
range in a series of meanders, made up of long north-south reaches 
in shaly strata, and short east-west rapids through the main sandstone 
bands. Stretches of alluvium are found on the north-south reaches, 
whilst from Kyaukchat it is continuous along the river banks down to 
the main alluvium around Pwinbyu. Tributaries join the main stream 
from the north and south flowing parallel with the strike of the rocks, 
and the whole of the Nwamadaung range from Myaung-u (94° 21'; 


Mon River. 
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20° 30') in the north to the Kywetaga forest reserve in the south, 
illustrates with text-book-like perfection the development of a 
typical river system in a normal monocline of alternating hard 
and soft rocks. 

The Man river rises on the Arakan Yoma watershed due west 
of Ngape (20° 5'; 94° 27') and to the north-east of Yeyindaung. 

Thence it maintains a general easterly course 
m 1 "* * to where it cuts through the Nwamadaung 

range at Sabagyidan. Like the Mon, the Man meanders through 
the ridges of the range forming long reaches parallel with the strike, 
hereabouts N.W.-S.E., wheie flowing in soft shalv rot ks, and a 
north-east course through the harder sandstones. Large tributaries 
draining the Ngape valley join the main stream from north-west 
and south-east of Ngape, whilst south-easterly flowing streams join 
the Man on its meandering course through the lange. Further 
to the south the main range, as a range, peters out for a time where 
the Ngapc-Minbu road traverses the hills, and this accounts for 
the lack of long subsecpient streams joining the Man from the south¬ 
east. The meandering courses of both the Mon and Man, when 
cutting through the Nwamadaung range, are made up of odd pieces 
of consequent and subsequent streams joined up during the develop¬ 
ment and cutting back of the main streams. The lower Man rivei 
alluvium tongues up the stream from Sagu to Aingma. 

In the south the Mu chauruj and its main tributary the Pani 
rhnung , which enters it from the north about eight miles above its 
confluence with the Irrawaddy, maintain gene- 
Mu and Pan! River*. ra j south-easterly courses. They both rise 

close together on the Arakan Yoma watershed, and, after emerging 
into the Mindon valley, flow down the valley in a south by east 
direction for some distance. They then cut south-eastwards across the 
folded westerly ranges and thence meander in a south-east by south 
direction to the Irrawaddy north of Kama. 

Apart from the aforementioned rivers, which take their rise on 
the watershed of the Arakan Yoraas, smaller streams rise to the 
east of the watershed of the Nwamadaung and its southern exten¬ 
sion, and wend their way eastwards in the north, and south-eastwards 
in the south, to the Irrawaddy. A noticeable feature of the drainage 
of the whole area is that in the northern half, the streams are all 
consequent on the rise of the main Nwamadaung range and seem 
to have so far established themselves before the more recent folding 
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that they were able to keep pace in their erosive efforts with the 
rise of later hill ranges and cut right across them. In the south, 
where the folding has been more intense, this is not the case and 

one finds the rivers meandeiing along synclinal valleys; their 

channels are however deeply cut and gravels and boulders are found 
as terraces on the hills 200 feet above the present levels. On the 

Made chm vq. which bounds the area on the 

Made chaunj;. _ , ; .. 

south, the boulders attain quite large dimen¬ 
sions and consist of Axial debris. A bed of similar boulders was 
found at a high level in the Manaung syncline in the Minbu district, 
and boulders of Axial material scatter the lower-lying parts of the 
Eocene formations in the vicinity of Hpa-aing still further north. 

Both the Minbu and Thayetmyo districts lie in the ‘ dry zone ’ 
of Burma, the latter district bounding the ‘ dry zone ’ on the 


south. The rainfall is therefore small in com¬ 
parison with other districts of Burma to the 
south, and varies from about 30 inches in the north to 40 inches in 
the south in the riverine area, and from 40 inches at Sidoktaya in 
the north-west to 60 inches at Mindon in the south-west. 

Rain between December and March D uncommon although 1 
have on occasion experienced three days continuous rain in the 
Thayetmyo district in December ; a little rain falls in April and 
November but the wettest period is from May to October. Here 
again exceptions occur and in November, 1935, I experienced the 
last three of five days continuous rain when small chaungs were 
running like torrents and unmetalled roads impassable even for 
bullock carts. 

During the cold weather the temperature at nights falls as low' 
as 42° F, whilst in the hot weather days 107° F. is often reached. 


The average maximum and minimum range of temperat ire in Decem¬ 
ber is from 60' to 85" ; in April, the hottest month, from 75' to 104" 
and in July, after the rains have established them- 
emperature. selves, from 77° to 89°. Although the cold weather 

is climatically the pleasantest time of the year in the dry zone, the 
monsoon months from June to September are also very bearable. 
The rainfall usually takes place in a series of storms, but, in between 
storms, although the skies are at times cloudy, there is a steady 
south-westerly breeze and at no time is it unpleasantly hot. In fact, 
whilst enjoying the coolness of monsoon conditions a* experienced 
further south, the ‘ dry zone * is not subject to their periods of 
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continuous rain when clothes and boots become musty in a night, and 
outdoor exercise impossible. During the Monsoon the ‘ dry zone 9 
is seen at its best: grass grows, albeit rather scantily, and un¬ 
forested areas get a tinge of green : distant vistas of the Arakan 
Yomas to the west and the Pegu Yomas to the east stand out in 
silhouette at sunset and sunrise : and with the rise of the Irrawaddy 
the wide monotonous expanses of sand bank in the riverine area 
are submerged, whilst clumps of trees and small patches of high 
ground stand forth as numerous islets. 

The forest growth of the area is mostly determined by the climate. 
In the north, on the west of the alluvial plain which lies between Minbu 
and Salin, Acacia catechu and Euphorbia thorn 
° “ scrub grow under desert conditions. To 

the south in the Thayetmyo district an open Indaing type of forest 
prevails, whilst further south and west the forest improves in both 
quality and density to the limits of the dry zone. 

The ecology of this part of the ‘ dry zone ’ of Burma has been 
described by Stamp and Lord 1 and a general summary of their 
results is given in Appendix I. 

1 L. Dudley Stamp and Leslie Lord.—The Ecology of Part of the Riverine Tract 
of Burma .—Journal of Ecology (Vol. XI, No. 2, p. 140 et. seq. September, 1923). 
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CHAPTER III.—GENERAL STRATIGRAPHY AND STRUC¬ 

TURE. 

North of latitude 20° 30' the following divisions have been 
described by Cotter 1 : their definitions as given by Holland 2 in his 
Indian Geological Terminology are given below. The sequence is in 
ascending order :— 

“ Axial Series.- Named by W. Theobald (Roe. Cool. Surv. Ind., IV, 33, 1871) 
and described as the group of altered rocks constituting the main Arakan Yoma. 
Afterwards divided into two, the name Axial being restricted to the older division 
thought to bo Triassic, and 1 he name Negrois being applied to the younger or possibly 
Cretaceous division (Mem. Geol. Surv. Ind. X, 315, 1873). Although Triassic 
fossils occur in the Axials (Roc. Cool. Surv. Ind., IV, 39, 1871 and XXXIV, 134, 
1906) the group of rooks is composite ; for among the fossils collected by Theobald 
and labelled “ Triassic ”, G. H. Tipper (Rec. Geol. Surv. Ind., XXXV, 119, 1907) 
found specimens of Cardita ( Vcnericardia) Beavmonli d’Arch., a form characteristic 
of bods in Sind and Baluchistan which E. Vredenburg (Rec. Geol. Surv. Ind., 
XXXIV, 86, 1906 ; XXXVI, 192, 1908) regards as Maestrichtian, reaching 

perhaps to Lower Danian. F. Xoctling (Pal. Ind., New Ser. 1, 5, 1899-1901) 
refers to these rocks as the Chin series. Similar rocks have been recognised by R. 
D. Oldham (Mem. Geol. Surv. Ind., XIX. 223, 1883) in Manipur and the Naga Hills. 

iMiingthe Shaks. —Occur below the Tilin sandstones in tlio Eocene formations 
of the Upper Burma Oilfields (G. de P. Cotter, Rec. Geol. Surv. Ind., XLV, 270, 
1916). Examination of the fossil fauna by E. Vredenburg (Ree. Geol. Surv. Ind., 
LV, 53, 1923) shows that the Laungsho shales correspond essentially to the Laki 
(Libyan) stage, but extend down also to at least the uppermost zone of the Upper 
Ranikot of western India. Local conglomerates at the base of the series have been 
distinguished as the Paunggyi Conglomerate in the Minbu District and the Shwele- 
gyin conglomerate in the Pakokku district. 

Tilin Sandstones. —Occur below the Tabyin clays and above the Laungshe 
shales in Pakokku district, Upper Burma. G. de P. Cotter (Rec. Geol. Surv. Ind., 
XLV, 270, 1915) refers to these sandstones as containing small nummulites and 
apparently of Lower Eocene age, but does not precisely define the term. 

Tabyin Clays. —Lie below the Pondaung Sandstones on the Yaw river, Pakokku 
district, and regarded by G. do P. Cotter (Rec. Geol. Surv. Ind., XUV, 165, 1914) 
as Middle Eocene in age. 

Pondaung Sandstones. —Underlie the Yaw shales on the Yaw river, Pakkoku 
district, and hence regarded by G. de P. Cotter (Rec. Geol. Surv. Ind., XLTV, 165, 
1914 and LIV, 114, 1922) as Upper Eocene in age, corresponding to Cotter’s bed 
4 H * near Ngape in the Minbu district (Rec. Geol. Surv. Ind., XLI, 224) and form¬ 
ing the Pondaung hill-range, north of the Yaw river. They contain a vertebrate 
fauna of upper Eocene age which has been described by Pilgrim and Cotter (Rec. 
Geol. Surv. Ind., XLVTI, 42, 1916) and by Pilgrim (Pal. Ind., N. S. VIII, 3, 1925). 


* Mem. Geol. Surv. lnd. t 72, Pt. 1, (1938). 

• Mem. Geol. Surv . Ind. t LI, Pt. 1, (1926). 



158 GEOLOGY OF PARTS OF MINBU AKD THAYETMYO. 


Yaw Stage .—Named by G. de P. Cotter (Rec. Geol. Surv. Ind., XL1V, 52, 
1914) from the Yaw river in the Pakokku district. Upper Burma. Regarded 
originally as Eocene (Kirthar) in age, corresponding to the Velatee schmiedeH zone 
of near Ngape, Minbu district (of. Roc. Geol. Surv. Ind., XLI, 221, et seq.), and 
oocurring as marine bedR below the brackish Pegup without noticeable unconfor¬ 
mity. E. H. Cunningham Craig (Oil Finding, 1912, p. 31) refers to Yaw sandstones 
lying below Cotter’s Yaw stage of shales as part of the Pegu series, from which 
Cotter differs on palaeontological grounds. E. Vredenburg after study of the most 
recent evidence (Rec. Geol. Surv. Ind., LI, 328, 1921) regarded the Yaw stage ns 
Cppei Eocene, corresponding with the Nanggulan series of Java. 

Pegu System .—Name given by W. Theobald (Rec. Geol. Sur\. Ind., 11, 80, 
1869 and Mem. Geol. Surv. Ind., X, 268, 1873) for the beds in Burma between 
the Nummulitic rocks and the fossil-wood (Irrawaddy) system. Regarded origin¬ 
ally as covering the Miocene and Pliocene jieriods. Theobald included m this 
system— 

5. Sandstones and shales. 

4. Kama clays. 

3. Compact marlj sandstone (B). 7 p 

2. Massive argillaceous sandstones in thick beds (A), ■> 

I. Sitsayan shales. 

F. Noetling (Pal. Ind., New S or. 1, Mem. No. 3, 7, 1899-1901) divides these into 
two series— 

II. Yenangyaung (including 3, 4 and 5). 

1. Prome including 1 and 2. 

M. Stuart (Rec. Geol. Surv. Ind., XXXVIII, 261, 1910 and XLI, 253, 1912) reverts 
to Theobald's scheme, objecting to the modified use of the word Prome, which 
Theobald applied to his sections A and B (2 and S). Stuart, how’ever, transfers 
bed No. 5 to the Trrawaddy system ( loc . cit. 266, 267, 269) on account of an un¬ 
conformity w hich lie regards as separating 4 and 5 in the Prome district (cf. Akauk- 
taung series). 

Stuart {for. cit. 279) gi\es the following as the ages of the dhisions of the Pegu 
systems - 

4. Kama clays. Burdigalian to Tortonian. 

3. Upper Prome series (B) Aquitanian. ^ 

2. Lower Prome series (A) Stampian. ^Oligooene. 

1. Sitsayan shales. Tongrian. J 

E. Vredenburg (Rec. Geol. Surv. Ind., LI, 227, 1921) uses the term Pegu provision- 
ally to mean essentially the marine beds of post-Eocene Tertiary age in the 
eastern part of the Arakan Yoma, in the Pegu Yoma and in the intervening Irra- 
w T addy valley. He reviews the stratigraphical value of Noetling’s Pegn zones 
(pp. 244-269), explains the error made by Stuart regarding the position of the 
Kama cloys (p. 236) and, in another paper in the same volume, dealing with fossils 
from the Garo Hills of Assam, summarises bis views regarding the correlation of 
the Tertiaries of Burma, Western India, Java and Europe (pp. 821 - 496 ).” 
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Included in the Pegu system are the following sub-divisions 

“ Padaung Clays .—A sub-division of the Pegu series near Ngape in the Minbu 
district corresponding to part of the Sitsayan shales. Distinguished by G. de P. 
Cotter (Rec. Geol. Surv. Ind., XLIV, 165, 1914) and named from the village Padaung 
(20° 2'; 94° 38') in the Minbu district (cf. Rec. Geol. Surv. Ind., XLI, 222, and 
plate 21). The bods were regarded as Upper Nari in age, but by E. Vredenburg 
(Rec. Geol. Surv. Ind., LI, 259) were correlated with the Lower Naris (Stampian). 
The Padaung clays lie above the Shwezetaw Sandstones and below rocks corre¬ 
sponding to the Singu-Minbu stage. They correspond to some of the upper horizon 
of the Sitsayan shales of the Prome and Thayetmyo districts, and the term Sitsayan, 
when used with palaeontological significance, is equivalent to Padaung, although 
the Sitsayan shales ns a whole embrace the Shwezetaw stage below and possibly 
some part of the Singu stage above (Rec. Geol. Surv. Ind., LVT, p. 40). See also 
Kinmungyon shales. 

Shwezetaw Sandstones. —Lowest division of the series on the Man river, Minbu 
district. Distinguished by G. de P. Cotter (Rec. Geol. Surv. Ind., XLIV, 165, 
1914 ; Journ. Ah. So c. Beng. New Ser. XIV, 410) and named from the famous 
pagoda at the village of Payavwa (20° 7'; 94° 34 / ) in the Minbu district, where 
these beds occur with fossils of Nari age (cf. Rec. Geol. Surv. Ind. XLI, 221 and 
plate 21). Poorly fossiliferous, but from the solitary Ampvllina and its position 
between Eocene and Middle Olieoccne, E. Vredenburg (Rec. Geol. Surv. Ind., 
LT, 241, 328, 1921) regards the Shwezetaw stage as Lower Oligocene (Lattorfian) 
in age. It is characterised by the presence of AtnpulHna birmanica , which seems 
to be a reliable zone fossil (Rec. Geol. Surv. Ind., LIU, 365, 368 and plates 20 and 
25).” 

Above the horizon of the Padaung clays officers of the Geological 
Survey of India have only found it possible to subdivide the remain¬ 
ing part of the Pegu system in a very general manner owing to the 
inconsistent nature of the rocks and the scale on which the survey 
was accomplished. Paleontologically, however, Vredenburg has sub¬ 
divided the rocks into the following stages in ascending order : 

Singu stage. 

Kama clays, 

Pyalo stage. 

Akauktaung stage. 

“ Singv Stage.—' The main fossiliferous horizon of the Singu oilfield is referred 
to as the Singu stage by E. Vredenburg (Rec. Geol. Surv. Ind., LI, 326, 328, 1921) 
in correlation tables of Tertiary strata. He correlates this horizon wdth th? Upper 
Nari as Chattinn in age, discusses the palaeontological relations with the beds in 
other oilfields (p. 227), and places the principal faunae of the fields in ascending 
order as follow's :—1, Yenangyat; 2, Minbu ; 3, Singu (p. 230). A later analysis 
of Singu fossils shows that, although they occur in separated beds, they form essen¬ 
tially one palaeontological unit, which is mainly Oligocene, though with some 
|diocene types. The general facies is older than the Kama fauna, and although 

V 
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the lowest fossiliferous bed may be in the upper limit of the Stampian, there is a 
general correspondence with the Chattian stage (Rec. Geol. Surv. Ind., LIU, 339 
and plate 26, 1921). 

Kama Clays. —Foesiliferous blue shales and sandstones recognised by W. 
Theobald (Rec. Geol. Surv. Ind., II, 80, 1869 ; Mem., Geol. Surv., Ind., X, 273, 
1873) as a constituent of his Pegu system, and named from the town of Kama 
(19° O'; 96° ll") 18 miles above Prome on the Irrawaddy River. M. Stuart (Rec. 
Geol. Surv. Ind., XXXVIII, 274, 1910) regards the age of these clays as 
Helvetian-Tortonian above and Burdigalian below, and considers them to be the 
uppermost of three divisions of the Pegu system separated by an unconformity 
from the overlying marine (Akauktaung) beds of the Irrawaddy system. Stuart 
(loc. cit. 266, 290) regards this as the main oil-bearing formation in Burma. 
Subsequent revision by E. Vredenburg shows that the Kama fauna corresponds 
approximately to the Lower Gaj (Aquitanian) of western India (Rec. Geol. Surv., 
Ind., LI, 230, 238, 240, 1921) higher in the local succession than the fossiliferous 
Singu stage (p. 232) and approximately equivalent to the Rembang series of 
Java (p. 243). See also Vredenburg (Rec. Geol. Surv. Ind., LOT, plate 26, 
1921). 

Pyalo Stage .—Name provisionally adopted by E. Vredenburg (Rec. Geol. 
Surv. Ind., LI, 238, 328, 1921) for beds characterised by Ostrea latimarginata at 
Pyalo on the Irrawaddy river (19° 9'; 96° 14') and equivalent to the Upper Gaj 
(Burdigalian) of Western India, being above the Kama stage, (see also Vredenburg 
and Stuart) (Rec. Geol. Surv. Ind., XXXVIII, 127, 1909 ; Vredenburg, ibid. LIII, 
plate 26, 1921.) 

Akaulctaung Stage .—Name given by M. Stuart (Rec. Geol. Surv. Ind., XLI, 
243, 244, 1912) to beds which were regarded at the time to be lying between an 
unconformity in Lower Burma, above the Kama clays and the ‘ red bed ’ of Upper 
Burma, thus including beds regarded by F. Noetling as part of the Pegu system. 
The beds were regarded as about Burdigalian (Lower Hinglaj) in age. Named 
from the Akauktaung hills (18° 30' ; 96° 11') in Henzada district. In previous 
publications these beds are referred to as “ Marine beds of the Irrawaddy series ” 
(Rec. Geo3 Surv. Ind., XXXVIII, 266, 274, etc., 1910). E. Vredenburg (Rec. 
Gecl. Surv. Ind., LI, 251, 258, 1921) correlates the Akauktaung stage with his 
Talar stage of the Makran scries and with the Tji Lanang, or alternatively, Odeng 
beds of Java, regarding the stage as Pontian or Vindobonian in age. G. de P. 
Cotter (Rec. Geol. Surv. Ind., LTV, 104, 1922) gives reasons for grouping the Akauk- 
taungs with the Pegu system, and for concluding that the unconformity was erro¬ 
neously identified as such by Stuart (p. 107).” 

The above paleontological stages of Vredenburg correspond 
fairly accurately with the following lithological divisions of the 
Burma Oil Company which were established by a series of large 
scale traverses across the Pegu system in the western outcrops. 

Okhmintaung sandstones. 

Pyawbwe clays. 

Kyaukkok sandstones. 

Obogon alternations, 
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These sub-divisions of the Burma Oil Company geological staff 
are described by Lepper 1 as follows :— 

44 The Ohhmintaung Sandstones. —This formation varies very greatly in thick¬ 
ness and is often locally absent, swelling out to thousands of feet a few miles away. 
The rocks consist of massive sandstones, argillaceous sandstones, grits and conglo¬ 
meratic sandstones, and thin grey clays. There is evidence of overlap* by the 
Pyawbwe Clay and there is a well-defined palaeontological break between the latter 
formation and the Okhmintaungs. These features, combined with evidence from 
exposures further east, reveal the presence of an important unconformity in the 
uppermost parts of the Oligooene in Burma. There is no sharp discordance of 
dip and strike at the break. The Okhmintaung Sandstone fauna is believed to 
be of Chattian age. 

The Pyawbwe Clays. —These consist mainly of grey to blue sandy clays with 
characteristic concretionary structures, but contain several thin sandstones. 
Gypsum is common. Fossils are numerous and reveal the lower Miocene (Aquita- 
nian) age of the group. The formation has been mapped from Lat. 18° 45' to 21° 
30' in the Western Outcrops and has been identified in the main oilfields areas 
and elsewhere. North of Lat. 20° 60' in the western monocline the clays are 
largely replaced by arenaceous beds of continental facies, and fossils are rare. 

The Kyavlckok Sandstones. —These form a remarkably persistent group of 
yellowish-brown massive sandstones often revealing spheroidal concretions on 
weathering, with subordinate grey and blue sandy shales. It includes the Prome 
Sandstones of Theobald (Geological Survey of India) and part of the highest Pegu 
sandstone of the central oilfields. Fossils are abundant and the assemblage which 
is very characteristic, with a preponderance of lamellibranchs, indicates a Middle 
Miocene (Burdigalian) age. The stage has been found in the western outcrops 
and elsewhere from Lat. 18° 30" to Lat. 21° 30' but north of 20° 45' fossils are 
rare and the formation gradually assumes a continental facies and contains many 
quartz conglomerates. North of Lat. 21° there is a local unconformity at the base 
of this formation but in general it is conformable to the Pyawbwe Clays. 

The Obogon Alternations. —These form a dominantly arenaceous group of rapidly 
alternating thin beds of sand and sandy shale or clay. Conglomerates and purple 
shales are developed north of Lat. 20° 15'. South of about Lat. 20° marine fossils 
are found, indicative of an Upper Miocene (Helvetian-Tortonian) age. This ^tage 
is often missing to the north owing to the pre-Irrawaddian unconformity. 

Regarding the general characteristics of these sub-divisions 
Lepper notes— 

Lateral Variation of Strata. —It is important to note that each and every 
member of the Pegu succession in the Western Outcrops becomes more arenaceous 
northwards. Even the clay groups become thinner, and sandstones and conglo¬ 
merates develop in them. Lignites and then silicified wood appear in some of the 
sandstones. These ohanges begin in lower latitudes, i.e , further south, in the sand¬ 
stone groups than they do in the argillaceous formations. Conversely when traced 

1 Proceedings World Petr. Congress Vol. I, London, (1933). 

* I did not note any such overlap where I saw the two formations in the western 
part of Thayetmyo. [Author.] 
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southwards the groups assume a deeper water facies with fewer fossils, and the 
clays become thicker. 

Holland ( loc . cit.) describes the Irrawaddy system as follows:— 

Irrawaddy System. —Name adopted by F. Noetling (Rec. Geol. Surv. Ind., 
XXV111, 76, 1896) roughly to correspond in Burma to the “ Fossil-wood group ” 
of W. Theobald (Rec. Geol. Surv. Ind., II, 79, 1869 ; Mem. Geol. Surv. Ind., X, 247, 
1873). In 1869 Theobald regarded the age of the beds as probably Miocene but 
inclined in 1873 to the arguments of W. T. Blanford (Joum. As. Soc. Beng. XXXI, 
226, 1862) in favour of a younger age, which he gave as Pliocene to ‘ Post-Pliocene." 
Noetling (Rec. Geol. Surv. Ind., XXVIII, 76) included in the Irrawaddy system 
“ all beds above the Yenangyaung stage which are characterised by the remains 
of terrestrial and fluviatile animals, but below’ the unconformity which separates 
the post-tertiary from those of tertiary age M. Stuart from evidence collected 
in Western Prome, (Rec. Geol. Surv. Ind., XXXV11I, 271, 1910) concluded that 
the Irrawaddy system in that area should be extended down to include marine 
beds which are said to be separated from the Kama clays of the Pegu system by 
a supposed unconformity. These “ Marine Irrawaddy ” beds were afterwards 
distinguished by Stuart under the name Akauktaung series. (Rec. Geol. Surv. 
Ind., XLI, 243, 244, 1912). The lowest beds of the Irrawaddy system near Yenang¬ 
yaung contain a fauna which, according to G.E. Pilgrim (Rec. Geol. Surv. Ind., XL, 
196, 1910) is of Middle Siwalik age, or equivalent to the Pontian of Europe. G. de 
P. Cotter (Rec. Geol. Surv. Ind., LIV, 116, 1922) sums up the evidence which indi¬ 
cates that whilst the base of the Irrawaddy system may correspond with the Upper 
Pontian, the bulk of the beds are Pliocene in age, the “ Marine Irrawaddy ” beds 
are thus removed and transferred to the Pegu system below. 

In the descriptions which follow I have returned to Theobald’s 
original definition of the Axial series as the group of altered Tocks 
constituting the main Arakan Yoma, regarded the Pegu system as 
essentially marine beds of Post-Eocene Tertiary age, and the Irra¬ 
waddy system as all consolidated rocks above the Pegu system 
characterised by terrestrial and fluviatile remains. I have also 
given certain reasons for doubting whether Triassic rocks have been 
proved to occur in the Axials. 

The Eocene rocks in the area described are not divisible into the 
divisions mentioned above. At latitude 20° 30' the Tilin sandstone 
peters out north-east of Sidoktaya (20° 27' ; 
Roclu mapped 1 EoCCIIC 94 0 14') and the Laungshe shales, and Tabyin 
clays have been grouped as the Lower Eocene. 
Similarly the Yaw stage has been grouped with the Pondaung sand¬ 
stones as Upper Eocene, as, although distinguishable as a separate 
entity around the south end of the Pazawbya (20° 29'; 94° 18'), 
syncline in the extreme north, it does not persist as a distinct feature 
southwards along the main range. At the Mon chaung crossing 
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(lat. 20° 23') a fossil band containing the characteristic Yaw stage 
Velates occurs and again south of the Man chaung (lat. 20° 5') where 
a Yaw stage fossil band forms a very useful tracer horizon 
for marking the boundary between Eocene and Oligocene rocks. 
South of Latitude 20° it becomes impossible to mark a boundary 
between even the Lower and Upper Eocene rocks and the whole 
of the Eocene rocks have been mapped as one unit from here to the 
south. 

Similarly, owing to the southerly shaling up of the rocks of the 
Pegu system, it became impossible to continue the Shwezetaw and 
Padaung sub-divisions of the Pegu rocks on 

.yftom'recognlKd. P ** U tho 8cale 011 wllich 1 was working, although 
where work was commenced on the Salin- 
Sidoktaya (lat. 20° 30') road it was possible to recognise in the un¬ 
restricted Pegu system the following five sub-divisions in descending 
order— 


Pogu Byhtem 


.-i 


f Upper Sandy Series 0011 - 
| taming selenite. 

Pegu system restricted «< Shalv series of Shasibo nala. 

I Middle Sandy and Limy 
^ series. 

Padaung Clays. 

Shwezetaw Sandstones. 


Between the Mon river (Lat. 20° 20'), and Latitude 19° 45', the 
rocks of the Pegu system remote from the Eocene-Pegu boundary 
were mapped bv Dr. Cotter and Mr. Sctliu Kama Itau, but where 
1 traversed across them about Lat. 19° 55', they occupy flat and 
featureless country characterised throughout by shales reinforced 
by thin bands of sandstone and no sub-divisions could be recognised 
in them. 

South of Latitude 19° 45' the base of the unrestricted Pegu system 
is characterised by a sandy series, the middle by thick shales and the 
uppermost rocks by another sandy series. 
Latttudc*[9° e 45' 80ll<h ^ These characteristic zones can be recognised 
southwards in the western outcrops to 

Talokyin (19° 35'; 94° 55') where a great deal of faulting takes place 
in broken forest country. 

South of Talokyin the Okhmintaung ridge is formed at the base 
by shaly crumbly blue sandstones which weather conchoidally, a 
blue unfossil if ero us sandstone series containing 
ieri«? mlntaUI18 harder ^ an( ^ 8 i* 1 the middle, and shelly sand¬ 

stones alternating with soft fawn sandstones 
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or shales at the top. The series is underlain by shales in the Tiyd 
valley and overlain by shales in the Nyaungwaing (19° 32' ; 94° 57') 
valley and has developed in the middle of the middle shaly series 
of the Pegu system seen further north. To the south this Okhmin- 
taung ridge series cannot be recognised very far on the 1* scale map, 
but it is distinguishable once again south-south-west of Kyaukkyi 
(19° 21'; 94° 57') and develops a great thickness north-north-west 
of Singaw (19° 13'; 94° 56'); it forms the greater part of the Middle 
to Lower Pegu outcrops in the Mindon chaung above Singaw, whilst, 
in the area to the south-west of the same place* it exists as a well 
defined anticline in the Wetchan Taung ridge, and in a synclinc 
to the west. The Wetchan Taung anticline pitches out west of 
Thapangyo (19° 5' ; 94° 57') whilst the sandstones of the western 
flank of the syncline continue to the south-east and cut across the 
Made chaung east of Kyaukme (19° V ; 94° 59'). 

This sandstono is of great importance as it contains, east of Tiyo, 
(19° 32'; 94° 55'), a Singu fauna, whilst, overlying the shale series 
Correlation of Kama occurs above it ; is a series of alternating 

area with Eastern hard and soft fossiliferous sandstones with 
Thayetmyo. occasional shale intercalations. From the base of 

this alternating series on the Mindon chaung one-third and half a mile east 
of Myohla (19° 13' ; 94° 57') respectively, Kama faunas were obtained. 
The sandstones series of which this latter fossiliferous alternating 
sequence forms the base, continues to the south to form the Prome 
sandstones mapped by Murray Stuart south of Kama (19° 2' ; 95° 6'), 
and is overlain by an alternating sequence along the western flank 
of the Mindon chaung syncline. 

Eastwards from their first occurrence south of Talokyin, the 
Okhmintaung ridge series, after passing under the shales of the 
Nyaungwaing valley, rise to form the outer sandstones of the 
Monatkon and Okpon domes in which Singu faunas were also 
obtained. These sandstones can be correlated directly with the 
anticlinal sandstones of Singu age mapped by Mr. Sethu Rama Rau 
further east. In the shaly series overlying this middle sandy one 
in Eastern Thayetmyo Mr. Sethu Rama Rau collected rich faunas 
from the following places :— 

Tittabwe (19° 31'; 95° 28') 

Thanga (19° 32'; 95° 23') 

Myaukungon (19° 31'; 95° 24') 
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Myauktin (19° 26'; 96° 22') 

Dalabe (19° 37'; 96° 17') 

and it was from these faunas that Vredenburg established the age 
of the Kama clays. As will be apparent these clays are the strati- 
graphical representatives of the clays which lie below the Prome 
sandstones of Murray Stuart east of Kama, and are not the Kama 
clay identified by either Murray Stuart or Vredenburg 1 at Kama. 
From Kama to the north-west the Prome sandstones lose a lot of 
their massive character and shales become more prominent in them. 
Northwards along the Irrawaddy they and the overlying alternating 
sandstones and shales are recognisable in that part of the Pyalo 
structure which occurs on the west bank of the Irrawaddy, and again 
as a sandy series underlying the Irrawaddian conglomerates two 
miles south of Thayetmyo town (19° 20' ; 95° 11'). 

The Okhmintaung ridge sandstones have a much greater devel¬ 
opment to the north-west and north than they have near Kyaukme 
at the latitude of Kama and besides forming the sandstones of the 
Monatkon and Okpon domes, are found overlying the shaly group 
containing coal seams and limestones of the north-eastern flank of 
the Lime Hill (19° 17'; 95° 8') faulted anticline. The shaly group 
overlying them forms most of the Pegu outcrops west and west-north¬ 
west from Thayetmyo town but exposures in this latter area are 
very poor. 

Bloni suggested ^ 10n ^ rom " or ^ 111 Eastern Thayetmyo 
division of Pegu system thought that the Pegu series might be sub- 
in Eastern Thayetmyo. divided a8 follows 

Upper Pegu Sandstones. 

Kama Clays. 

Middle Pegu Sandstones. 

Kanhla Clays (Lucina beds, Dendrophvllia beds, Schizaskr 
(Brissopsis) bed). 

Lower Pegu Sandstones. 

He was however unable to carry out such mapping in Western 
Thayetmyo where he described the exposures as ‘ contemptible ’ 
an opinion with which all geologists who have been over that area 
will I think oordially agree. 


1 Bsc. Choi. Bvrv. 2nd LI, p. 237. (1021). 
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Mr. Setliu Rama Rau was not able to map 
S. Kama Rau, corre- tbe sub-divisions suggested by Bion in Eastern 
Eastern 0 * *Tliayetinyo Thayetmyo although able to recognise them at 
area*. various points. He suggested a correlation 

with Theobald’s divisions as follows :— 


F oesil-wood group 


Pegu Group . 


Mogaung Sands . 
"Kama Clays 
Prome Sandstones (B) 

Prome Sandstones (A) 
^Sitsayan Shales . 


Upper Pegu Sandstones. 
Kama Clays. 

Middle Pogu Sandstones. 

Kanhla Clays. 

Lower Pegu Sandstones. 


This correlation I have now shown to be incorrect. It was 
undoubtedly occasioned by the Okhmintaung ridge series of sand¬ 
stones being mistaken for the Prome Sandstones. The former must 
either have thinned out and disappeared to the south between Kama 
and Prome or else have become so poorly developed as to be regarded 
originally by Theobald as unworthy of note. Whether paleonto¬ 
logically the rocks described by Mr. Scthu Rama Rau in Eastern 
Thayetmyo as Kama clays correspond exactly with the upper part 
of the Sitsayan shale division of Theobald it is difficult to say. I 
did not find this shale series very fossiliferous in western Thayetmyo, 
and it is possible that Mr. Sethu Rama Rau’s collections came from 
the top of the series in the passage beds to the sandy strata above, 
as seen by me east of Myohla. Mr. Sethu Rama Rau describes 
his ‘ Kama clays 5 of Eastern Thayetmyo as a series of bluish clays 
and sandy shales with occasional bands of sandstones and limestones, 
the abundant and beautiful collections of fossils being from sandy 
beds intercalated with clays. Similarly, east of Myohla, the collec¬ 
tions made by me were from sandy beds intercalated by clays. In 
any case, the correlation with Eastern Thayetmyo arrived at litholo¬ 
gically by way of the Okhmintaung ridge series and the Western 
Outcrops is as given (ante. p. 147). 

Many of the difficulties of the correlation of the Prome-Kama 
series of rocks with those found further north have undoubtedly 
Theobald’s inexact keen occa8 i°ned in the first place by Theo- 

definition of Kama bald’s 1 very inexact definition of the Kama 
clays. Theobald never saw them overlying the 
Prome sandstones at Prome and he states that the relation of the 
clays which are * fairly exhibited under the important town of 


1 Mem. CM. Surv. Ind., X, p. 273, (1373). 
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Kama, 18 miles above Prome ’, with those seen in many spots east 
of the Irrawaddi ‘ may be generally detected at once by the numer¬ 
ous well preserved fossils they contain though in other respects 
they much resemble the unfossiliferous Sitsayan shales at the base 
of the group Theobald does not however give any specific deter¬ 
minations of the faunas collected to substantiate his correlations. 
Further, Theobald (p. 274), goes on to state that above this Kama 
shale occurs a very thick series of sandstones and shales which passes 
upwards into his ‘ Fossil-Wood Group ’. Certainly no such series 
occurs above the Kama clays as identified by Murray Stuart 1 at 
Prome or Kama or by Yredenburg 2 at Kama (loc. cit.). Murray 
Stuart shows the Kama clays immediately underlying Theobald’s 
Fossil-Wood Group at both Prome and Kama ; he has left unmapped 
the intervening area in which they should presumably occur. In Plate 
13, figure 1, I give a photograph of the clay band which underlies the 
town of Kama ; this is obviously tiie band of clays to which Theo¬ 
bald alludes and which he mistakenly correlates with the fossili- 
ferous blue clays of Eastern Thayetmyo. 

The desirability therefore of eliminating the nomenclature of 
Theobald is apparent on both lithological and palaeontological 

Desirability of ellmi- « roun,is ' lithologically owing to the develop- 
natlng Theobald’s ment to the north of the intermittent Okhmin- 
nomenclature. taung ridge sandstones in the Sitsayan shale 

division, and paleontologically owing to the Singu fauna being found 
to occur in the Oklimintaiuig ridge sandstones and the Kama fauna 
at the top of the shale division which underlies the Prome sand¬ 
stones. 

This of course has been done to a certain extent by Holland 
(see p. 144 ante) at Cotter’s suggestion, only the Kama stage being 
now included in the palaeontological sub-division of the Pegu system. 
Even this remnant is not very appropriately named owing to the 
clays from which Vredenburgs Kama faunas were collected being 
homotaxial with the alternating sequence at the base of the Prome sand¬ 
stones and not with the clays exposed under the town of Kama. However, 
the Kama fauna is now so well known that it is preferable to retain 
the name Kama clays and to define it as the clay division imme¬ 
diately underlying the upper sandy series of the Pegu system in the 
Thayetmyo district. 

i Rec. GM. Surv. Ind,, XXXVIII, Plate 23, (1909). 

* R*c. Geoi. Surv. Ind LI, p. 237, (1921). 
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From the alternating sequence exposed at Kama and to the 
north-west the only recognisable fossils are according to Vredenburg 1 
large specimens of Ostrea latimarginata, the 

ami ^kiukttu ng stages. s P ec ^ es on which Vredenburg founded his 
Pyalo stage from a specimen collected at Pyalo 
from RimilAr rocks, similarly situated with respect to the Irrawaddy- 
Pegu boundary. 

Vredenburg’s Akauktaung stage was founded on four species of 
Ostrea recorded by Stuart 2 from Henzada to the south, namely 0. 
Virleti , 0. digitate , 0. gingensis and a form which Vredenburg 3 states 
is probably referable to 0. Crassicostata. All four of these forms are 
according to Vredenburg (ibid) ‘ Among the characteristic fossils 

of the lower zone of the Mekran series of Baluchistan. 

Ostrea gingemis is a form of wide stratigraphical range and occurs at 
all horizons of the Miocene. Ostrea Virleti and 0. digitate are not 
known from any strata that can unhesitatingly be referred to an 
age as low as the Burdigalian \ In discussing the age of this fauna 
which he correlates with his Talar stage of the Mekran series and 
with the Tiji Lanang or alternatively, Odeng beds of Java, regarding 
the stage as Pontian or Vindobonian in age, Vredenburg assumes 
an unconformity below the Akauktaung stage and that Stuart’s strati¬ 
graphy was correct. Cotter 4 has since given reasons for grouping 
the Akauktaungs with the Pegu system and for concluding that the 
unconformity was erroneously identified as such by Stuart. I have 
been over the various series in question at Kama and to the north¬ 
west and agree with Cotter. There is no unconformity in the upper 
part of the Pegu system in that area. 

Vredenburg 5 states that in the type locality of the Kama clays 
as identified by him (this should be about the top of the Kyaukkok 


Doubtfulness of 
Vredenburg’s Pyalo and 
Akauktaung stages in 
Thayetmyo. 


sandstones in the Burma Oil Company nomen¬ 
clature) 22 Siphonostomata have been securely 
identified of which three only Clavatula munga, 
DriUia Kamaensis and Eburna lutosa have not 


been recognised in the richly fossiliferous outcrops of Eastern Thaye¬ 
tmyo. He mentions that Eburna lutosa a species still living is known 
from the Ostrea latimarginata beds of the Pyalo anticline. Had the 


1 Bee . Oeot. Surv . Ind., LI, p. 238, (1921). 

* Bee . Geol. Surv. Ind. t XLl, p. 245, (1911). 

• Bee . CM. Surv. Ind. t LI, p. 251, (1921). 

* Bee. Oeot. Surv . Ind. 9 LIV, p. 107, (1922 

• Bee. CM. Sun. Ind „ LI, p. 234, (1921). 
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correct lithological correlations of Kama and Eastern Thayetmyo 
been known to Vredenburg one feels that he would never have intro¬ 
duced his Pyalo stage, but would have regarded the whole of the 
Miocene sequence in this area as of Kama age and extended the 
range of the stage from Aquitanian upwards to include at least the 
Burdigalian. 

In the geological map which accompanies this memoir, where 
I have endeavoured by hachuring to show the Upper Sandy Series 
and the Middle Sandstone Series of the Pegu system in areas south 
of latitude 19° 45' that I have myself been over, the Upper Sandy 
Series probably corresponds to the combined Kyaukkok Sandstones 
and Obogon Alternations, and the Middle Sandstones Series to the 
Okhmintaung Sandstones of the Burma Oil Company nomenclature. 
It will be noted that the boundaries I have shown are dotted and 
therefore only approximate whilst in other places I have shown no 
boundaries at all. This is due to the impossibility owing to lateral 
variation of delineating a definite boundary on the V scale maps 
on which I was working. The terms sandstones and shales u*ed in 
describing the sub-divisions are only relative, and merely refer to 
the preponderance of one or other of these elements ; the main sub¬ 
divisions I have included are, however, recognisable. 

The chief characteristic of the sequence in the western outcrops, 
namely a sanding-up in a southerly direction due to an infilling of 

Southerly S.ndln R -u P the main 8 ulf b 7 sediments from the north, 
of the Burma Tertiary and the consequent retreat of marine condi- 
tions southwards, has been mentioned by all 
previous authors (Dalton, Cotter, Stamp, Lepper) whilst Stamp 1 has 
emphasised the fact that this general thesis is ‘ complicated by 
intermittent earth movements which caused a periodical deepening 
of the gulf trough or a buckling of the floor and the temporary return 
of marine conditions northwards ’. That there was buckling and a 
temporary return of marine conditions northwards, and not simply 
variation in the rate of subsidence bringing about conditions of non¬ 
conformity as speculated on by Cotter 2 is beyond doubt, as can be 
inferred from the consistency of the outcrops of the Yaw Shales and 
Padaung Clays. Overlaps by these latter sub-divisions are not 
noticeable from the south northwards, but from east to west overlap 
is a noticeable factor west of the main Tertiary sandstone range in 


i Geol-Msg. LXII, p. 516, (1925). 

• Joum. As. Soc, Beng . N. S. XIV, No. 7, 414, (1918). 
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the Minbu district, where the Padaung clays are found overlapping 
on to the lower part of the Pondaung Sandstones 1 , and in the 
Pakokku District where Yaw Shales are found in proximity to strata 
of Ranikot age 2 . The chief characteristic is naturally more marked 
in the north of the area mapped where the Eocene and Pegu succes¬ 
sion forms a simple monocline dipping east, and where the outcrops 
of the various sub-divisions run parallel with and close to what 
must have been the coast line of the Arakan Yoma mountain chain. 
It is not so apparent to the south where the folding is more intense 
and exposures of the various sub-divisions are obtained over sections 
from the coast line eastwards towards the centre of the gulf. 

Another characteristic of this western area is the manner in 
which successively higher sandstone sub-divisions of the Tertiary 
_ ^ , sequence successively attain a maximum and 

of successively higer then peter out cn echelon m a southerly aircc- 
sandstone bands of tion. The Tilin Sandstones die out at lati- 
ocene an egu roc s. 20° 15', th 1 Pondaung Sandstones at 

latitude 20° O' and the Shwezetaw sandstones still further i*outli. The 
Okhmintaung sandstones attain their maximum development at 
latitude 19° 15' and apparently vanish before tlv j latitude of Prome, 
whilst the Prome Sandstones attain their maximum development 
between Kama and .Prome. The quick change from massive sand¬ 
stone to shale is also much more noticeable in this western area 
than it is to the east and probably the movements which occurred 
during Eocene and Pegu times were more 
Eocene and Pegu limes 8 , accentuated in this area, to compensate for 
the concomitant rise of the Arakan Yomas. 
Indeed the evidence seems to show that for the greater part of the 
Tertiary epoch the Burma Tertiary gulf only occupied the western 
part of the area between the Shan Plateau and the Arakan Yoma. 
No Tertiary rocks older than Miocene have been discovered east of 
the line of vulcanicity which joins the Lower Chindwin \olcanics 
with Mt. Popa and continues south along the eastern edge of the 
Yenangyaung basin to east of Zigon. East of this line the strata 
are all of a very shallow water facies, fossils being rare. Further 
to the east Irrawaddy sandstones overlie intrusive rocks along the 
edge of the Shan Plateau. These intrusive rocks have always been 

1 Clegg : Hu. Gaol. Siirv. /»d., LXVI, p. 250, (1933). 

8 Cotter: Mtm. Gtol . Sum. Ind. f 72, p. 38, (1938). 
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regarded as of Archaean age, but as I have shown elsewhere 1 it is 
possible that they may be of post-Jurassic age. I have also shown 
that Cretaceous rocks intimately connected with serpentines and 
rocks of diorite affinities similar to those found along the eastern 
flank of the Arakan Yoma and in the Andaman Isles, exist further 
north in Mongmit State, west of the main tectonic fold composed 
of metamorphosed and partially metamorphosed rocks which occurs 
along the Rino-Burmesc boundary. With this fold, the folding 
and intrusions along the western edge of the Shan Plateau 
are intimately connected and a strong possibility exists that 
Cretaceous and older rocks occur at no great depth below the Upper 
Tertiary rocks of the eastern part of the Tertiary gulf and that it 
was not until post-Oligocene times that earth movements caused 
their submergence and an incursion of the sea from the west. In 
post-Oligocene times sedimentation appears to have been more 
continuous in this eastern area and whilst local unconformities are 
common the change from the marine Pegu to the fluviatile Irraw r ad- 
dian rocks is gradual. In the Ragaing. Myingvan and Meiktila 
districts no definite boundary between the Pegu and Irrawaddian 
rocks can be mapped, and sedimentation appears to have been con¬ 
tinuous during the period of unconformity represented by the Red 
Bed of Yenangyaung and the ferruginous conglomerates which, 
further west, mark the base of the Irrawaddy system. 

The movements which occuired at the end of Pegu times seem 

to have been of a more intensive nature than those which 

had been going on before. Ro much so that the whole of the 
area now T lying between the Arakan Yoma, the Andamans and 
the Nicobars on the west and the main land to the east, 

quickly became a land-locked estuary or lake as evinced by the 
fluviatile rocks of the Irrawaddy system which filled in the gulf 
and overlapped on to Eocene rocks of the Arakan Yomas and the 
Andaman and Nicobar islands, and on to metamorphosed and Creta¬ 
ceous rocks to the east and north. It was not until post-Irrawad- 
dian*folding raised the northern part of Burma and depressed the 
southern that the sea overflowed once again into the Martaban 

basin and conditions were again attained similar to those of the 
Burma gulf in Eocene and Pegu times. 

Structurally, the area described includes the south-western part 
of what may be described as the Yenangyaung basin which is 

1 Xec, Oeol Svrv. Ind ., 71, p. 376, (1937). 
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Structure. 


the southern of the two basins comprising the 
western part of the main Tertiary geo-synoline 
of Burma. It is only in the western part of the Burma Tertiary 
geo-syncline that oil has as yet been discovered in economic 
quantity and that mainly in the southern basin. The northern 
or Upper Chindwin basin contains only the lndaw oil-field 
whilst the southern or Yenangyaung contains the well known 
petroliferous anticlines of Yenangyat, Singu, Yenangyaung, and 
Minbu, the subsidiary oilfields of Yenaman and Padaukpin and the 
gas-field of Pyaye. 

The closing-in of this Yenangyaung basin owing to more intensive 
folding to the south is well brought out in the section (Plate XYI). 

At the latitude of Yenangyaung (20° 30') the 
enangyaung am. dj 8 t ance between the watershed of the Arakan 
Yoma and the metamorphosed rocks of the edge of the Shan Plateau 
reaches practically its maximum ; at the latitude of Kama (19° O') 
it reaches its minimum. As Irrawaddian rocks are folded in with 
rocks of the Pegu system in the south, post-Irrawaddian folding 
has obviously been responsible for the Yenangyaung basin which 
has been caused by a differential easterly movement of the Arakan 
Yomas. This differential movement has resulted in the arc, convex 
to the east, which the south part of the range exhibits. 

The main structure in the western outcrops is the fold fault of 
the Nwamadaung range. In the north (Plate XVI, Section along 
A-B) this fault duplicates the Upper 

Western Outcrops^^ ’ Eocene and basal Pegu succession in the 
Pazawbya syncline to the west. Further 

south where the Man chaung crosses the range a similar structure 

(Section along C-D) occurs and west of the fault foraminiferal lime¬ 

stones of Padaung clay age are found overlapping directly on to 
basal Pondaung sandstones. A few miles further south the charac¬ 
teristic calcareous fossiliferous horizon of the Yaw stage at the top 
of the Eocene, is duplicated by a similar fault, but the massive sand¬ 
stones which occur below it in the eastern exposure cannot be Recog¬ 
nised as such underlying it to the west. Further to the south the 
faulting has not been so severe and an anticlinal structure, albeit 
very much broken, can be recognised. On the western flank of 
this anticline, basal Pegu strata occur m a string of basins in 
the Shandatkyi reserved forest and along the Pani chaung to the 
pputji. In this area a certain amount of minor faulting also occupy 
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North of Kyaukkyi the general anticlinal structure of the Nwama- 
daung range pitches out steeply, and a bay of Pegu strata tongues 
up the Pani chaung to the north-west. On the western flank of 
this bay another broken anticline of Eocene strata occurs en echelon 
with that north of Kyaukkyi, and Eocene rocks are repeated in the 

syncline of the Thambula reserved forest to the west. To the south 

this structure is sharply modified by a cross-fault north of Shwenat- 
taung Pagoda, and in the syncline which persists across the fault 
to the south, only Pegu rocks are present, the Eocene strata having 
been faulted back to the west. In these Pegu rocks another anti¬ 
cline faulted on the west develops south of the Mindon chaung but 
pitches out to the south before it reaches the Made chaung. 

East of the western outcrops in the northern area, the strata 

form a simple monocline, although east of the Irrawaddy outside 

More intensive fold- the area mapped, Pegu rocks are exposed in 
ing of Pegu rocks south the gentle anticline of Yenangyaung. Further 
of Minhla. to the south (latitude 20°) the Minbu anticline 

rises steeply from below Irrawaddy sandstones. Thereafter, to the 
south, folding becomes much more intense, and the whole of the Pegu 
rocks lying west of the Irrawaddy river between Thayetmyo and 
Minhla, are folded into a series of anticlines and synclines. 

Further south, a succession of five parallel anticlines arranged 
en echelon occurs in the western part of the Thayetmyo district 

Asymmetric folding between Sinde (19° 26'; 95° 10') and Gyobin 
on the flanks of the (19° 2' ; 94° 54') Of these, strike faulting occurs 
Yenangyaung Basin. along the western flanks of those of Leptan- 
zeik (19° 22'; 95° 12') the Lime Hill (19 17' ; 95° 9') Natmidauk 
(19° 10'; 95 4') and Wetchan Taung (19° 8' ; 94° 57') over-folding 
being to the west. In the north-west part of the Yenangyaung 
basin outside the area mapped, strike faulting combined with over¬ 
folding to the west also occurs along the western flank of the anti¬ 
clines of the western outcrops, namely, those of Ngahlaingdwin 
and Leya. On the north-eastern flank of the basin however strike 
faulting occurs along the eastern flank of the anticlines (Yenangyat, 
Singu, Gwegyo, Ngashandaung) and the overfolding is to the east. 
In the centre of the basin the Yenangyaung anticline is almost 
symmetrical. This arrangement of the hades of the planes of 
flanking folds towards the central axis of the Yenangyaung 
geo-synclinal basin is surely not pure co-incidence; possibly it may 
fee regarded as evidence in favour of the greater thickness of 
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sediments which, apparently occur in the western basin. The folding 
in the western area appears to be of a deeper as contrasted with a 
shallow type of folding found to the east and the result is certainly 
what one would expect if the Tertiary rocks to the east originally 
consisted of only the uppermost Tertiaries overlying partially meta¬ 
morphosed rocks of Cretaceous age and the basin to the west a full 
suite of Tertiary rocks of great thickness. 

Cotter in Memoirs Geological Survey of India, 72, Pt. 3, (1938) 
has given a description and critical examination of all the faunas 
comprising the lithological divisions of the Eocene, Lower Pegu and 
Irrawaddian rocks and of the paleontological stages established 
by Vredenburg of the Pegu rocks, and the reader is referred to that 
publication for fuller details than are contained in Holland’s, 
‘ Terminology ’ (quoted above), should he not wish to consult the 
original references given. 
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CHAPTER IV.—DETAILED DESCRIPTION OF ROCKS: 

THE AXIALS. 

The term Axial was first applied by Theobald 1 to a group of 
rocks which 4 seemed everywhere to comprise the central region or 
axis of the range (Arakan Yoma), but the 
tlon^f^term ' re ^ at i° ns of which to the newer or nummulitic 

group were not there very clearly displayed, 
partly from the nature of the ground and partly from the character 
of the beds which, though of great thickness, were very deficient in 
salient points for arrangement and sub-division \ This series 
had previously been termed 4 Hill Rocks 9 by 
BUnford H,U Rock# °* W. T. Blanford who expressed an opinion 
founded on an examination of the Bassein 
district that this series were 4 as likely as not ’ altered Nummulitic 
strata although no fossils had been found in them. A few years 
later Theobald visited a portion of the ground surveyed by Blan¬ 
ford but found himself 4 unable cordially to assent * to this view of 
Blanford and preferred to leave the question open. 

Later when Theobald 2 commenced work on the frontier (latitude 
19° 30') in 1869-70 among the Axials as restricted by him, which 
thereabouts contrast with the Nummulitic 
Theobald’! first Axial- group of the plains to the east, he thought 
Mifibu and Tbayetmyo. h e recognised a confirmation of the view 
to which he had always inclined, namely, the 
distinctness, geologically speaking, of the altered and unaltered 
rocks which had proved so puzzling in Bassein \ In following 
southwards the boundary of the Axial group and the Nummulitics, 
Theobald supposed that he was holding the clue to the true rela¬ 
tions of the rocks in Bassein. At first all went well, but hardly 
had Theobald got south of the Prome district, when he began to 
feel less satisfied with his Axial-N umm ulitic boundary, and by the 
time he reached the Bassein district wets convinced that the boundary 
he was then following, was not a true stratigraphical one, but merely 
one dividing altered from unaltered rocks of the same group; this 
boundary was becoming more and moro vague towards the south, 
where Blanford had originally remarked that 4 no separation was 
possible between these often dissimilar but really geologically 

I Rec. Gaol. Surv. Ind ., Vol. IV, Pt. 2, p. 33, (1871), 

* Rtc, OeoL JSurv . /*&, VoL V, Pt. 3, p. 80, (1872). 

B 
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identical groups (t.e., Nummulitics and Hill Rocks) \ Theobald 
now became convinced of Blanford’s view and, as corroborative 
Theobald accepts ey i^ ence > was a bl« to find numerous small 
Blanford*s view of nummulites in a limestone in Pyinnea chaung , 
HH1 Rocks. ten m ji es wes t 0 f the Bassein river within the 

area of the ‘ Hill Rocks *; he then searched for the point where in 
following down the line of altered rocks he had got * shunted off 
the Axials on to the Nummulitics \ This he ascertained to be on 
Thanni chaung , 47 miles, as the crow flies, due south of the frontier, 
and a little above the latitude of Prome. 

Here Theobald found that his Upper Axial beds, which consisted 
of freckled grits, shales, sandstones and conglomerates disappeared 
abruptly, as, although up Thebyu chaung , a small tributary of 
Thanni chaung , he found the characteristic Axial limestone, below 
the junction of this tributary and the main chaung he could ‘ con¬ 
fidently refer the shale seen to the Nummulitic group \ Above 
the junction there was great alteration and disturbance of the beds; 
‘ harsh indurated sandstones, vertical and much shattered and 
disturbed occur and above this spot sandstones and shales of the 
ordinary kind met with among the “ Hill Rocks ” to the south \ 
Theobald goes on to say that ‘ for any direct evidence to the contrary 
these rocks above the junction are quite such as would identify 
them with the group of similar character underlying the upper or 
typical Axials \ 

In speaking of the whole of this Thanni chaung section, Theo¬ 
bald 1 states, that it is a better and more sharply defined junction 
than usual, of the altered or * Hill Rocks 9 
c&wv section Thtnnl with the unaltered Nummulitics, and at the 
time of his first visit, he had no doubt of 
its being the faulted boundary of the Axials and Nummulitics 
instead of merely * the boundary of that peculiar metamor¬ 
phism which characterises the Hill Rocks and which the further 
we go south seems more and more capriciously and irregularly 
developed On the subject of the Lower Axials at this point 
Theobald says 

* Of the lower Axials now that all the Hill Rocks to the south are separated 
from them we know very little. The country occupied by them being, without 
any figure of speech, moot impracticable. From the point near the Thanni chaung , 
where the group terminate*, the boundary recede* to the w e s t w a rds along the 

» Re c. CM. Surv. Jnd. t Vol. V, Pt. 3, p. 81, (1872). 
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watershed separating the Thanni charing from the Mud ay (Made) chavng to the 
north. This is indicated in the map by a dividing range, which gives a very in¬ 
accurate conception of the physical aspect of the country, though it may, very 
probably, correctly enough mark the actual watershed. N&ttaung, a conical 
hill capped with serpentine is situated between the Thanni and Muday streams 

at almost the extremity of the Axial area.From the summit a fine 

view is obtained of the ground intervening between it and the main Yoma range. 
Inaccessible nature but which being intersected by no considerable stream, 
of country west of totally uninhabited and covered with virgin forest is 
Nattauiig. quite impossible to explore; and it is not till the western 

side of the Arakan range and the Akyab district comes under survey that more 
details of the Axial group can be looked for ; and even then the difficulties presented 
by the wild forestclad and uninhabited nature of the country in question, will for 
many years act as a complete bar to anything like a full and satisfactory examina¬ 
tion of the ground 

For these ‘ Hill Rocks’ which stretch from south of* Thanni 
chaung to Cape Negrais and along the Arakan coast, Thcobald J 
^ . applied the term Negrais, this term being 

tiou of term Negrais defined as embracing all the rocks met with 
Blan/ord 11 Rocks * of in the Pegu and Arakan districts older than 
the Nummulitic and newer than the Triassic; 
he mentioned that it was by no means certain that some of the 
rocks included in this group were not, as he had at first surmised, 
of Eocene age, and highly probable that it also included rocks of 
Cretaceous ege. Theobald now restricted the term Axial to what 
he thought was the older group of the western Thayetmyo and 
Prome districts, which he believed to be of Triassic age. Later 
Noetling 2 expressed the opinion that Theobald’s Negrais rocks were 
probably metamorphosed Eocene beds and that his Triassic rocks 
might be either the lowest Tertiary or topmost Cretaceous strata, 
the Triassic age assigned being on the strength of a misinterpreted 
fossil; Noetling introduced the term Chin Division for these altered 
rocks of the Arakan Yoma. It may be mentioned, however, that 
Noetling did not visit any areas occupied by the so-called Axial 
rocks (sensu lato) of Theobald. 

Cotter® has given a very full review of the palaeontological 
evidence on which Theobald’s groups are based together with 
evidence subsequently obtained. In his conclusions Cotter states— 

* (a) that the distinction between the Negrais and Axial rocks is very doubt' 
fu]; (6) that both are complex groups comprising rocks of different ages; 
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(o) that the strip of Eocene rooks mapped in the central Yoma area 1 is probably 
a mistake *, its existence is oertainly very questionable 1 and (d) that Cretaceous 
rooks of Albian or Turonian age occur at Mai-i on the coast and in Ramri island 
on the same strike, but there is no justification for marking the Cretaceous belt 
as extending so far inland as Theobald has done.* 


In summing up the age of the Axials, Cotter mentions:— 

‘ (1) The presence of conglomerates of age later than the serpentine intru¬ 
sions ; these conglomerates are later than the Axials but folded into 

- .. . .A.' them. They are unoonformable to the 

Cotter: Age of Axials. ... . XT v 

Axials in North Minbu. 

(2) An infold of Danian beds (Cardita beaumonti) in the Thayetmyo Axials, 

associated with conglomerates. 

(3) Beds of Upper Cretaceous age resting upon Axials in Henzada and 

Pakokku. 


(4) Serpentine and peridote intrusions of pre-Danian age from the Andaman 
islands north through the Yoma to the Naga hills and the Disangs 
of Assam. 


(5) The occurrence of undoubted Triassio fossils in Thayetmyo; Qlobigerina 

limestone of unknown age in North Minbu, plant remains, and an 
unidentified ammonite in Assam. 

(6) An immense extent of monotonous alternating successions of slaty 

shale and fine grained sandstones entirely unfossiliferous, except 
for the occurrences mentioned above.’ 


• Cotter concluded that ‘ the Axials are probably a complex of 
rocks of varying age, but it is possible that the great bulk of them 
may be pre-Cambrian or perhaps comparable in age to such groups 
as the Simla slates and the Jaunsar series. The few fossiliferous 
beds seen may represent infolds of rocks of later age, including 
Triassio strata \ 

With these conclusions of Cotter I am not in general 
agreement. I think there is little doubt that at the south end 

South end el Aralcn of the ran « e the rocks are probably 

range: Rocks not older all of Eocene or Cretaceous age. I certainly 
than Cretaceous. d 0 no ^ believe that Triassic strata have been 

proved to occur. According to Theobald (ibid p. 135) a few speci¬ 
mens (Triassic) were obtained from the crest of a low hill, one and 
a half miles south-west of Thabyegaing which Stoliczka identified 
as Halobia Lommdi . In the same vicinity, the limestone is report- 


1 See map : Mem. Oeol. Surv . Ind ., Vol. X, (1873). 

1 This is obvious from the excerpt I have given (anU p. 177) from which it appears 
that Theobald never went west of Nattaung (18° 57': 94° 58') on the eastern side of that 
section of the Arakan Yoma. 
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ed by Theobald to be of various tints of pink and yellow and occa¬ 
sionally converted into a white crystalline rock. According to 
Tipper 1 the occurrence of these Triassic rocks is noticed in the first 
edition of the Manual of the Geology of India, Vol. II, pp. 710, 
711, but in the second edition (p. 149 footnote) it is stated that the 
fossil was wrongly identified and that the rocks are not Triassic 
but Tertiary. The same view is expressed in the Annual Report 
of the Geological Survey of India, 1893, page 9. In the annual 
report for 1900-01, pp. 19, 20, the view is expressed that if Triassic 
rocks do occur they are probably as Klippen in newer deposits. 

Tipper states that a search in the Museum brought to light one 
of Theobald’s original specimens, ‘ a hard black limestone with 
numerous lamellibranch casts and fragments ’ and it was develop¬ 
ment of one of these casts that showed that the specimen was an 
Halobia and that in the same block were some Monotis like shells 
and an Avicula. 

Theobald never mentions any ‘ hard black limestones ’ and all 
Datta’s specimens from the area were grey, but, in the same note, 
Tipper most ingenuously mentions another collection of Triassic 
rocks from Burma, which had so far escaped notice, and consisted 
of a series of ‘ hard black limestone blocks ’ crowded with extreme¬ 
ly well preserved specimens of Halobia allied to the Halobia of the 
Arakan Yoma, and Monotis. The label attached to the latter 
read ‘ Sent to Mr. Theobald by Mr. D. O’Riley from Karennee, 
Aug. 18G4 ’. There seems little doubt in my mind that the speci¬ 
mens examined by Mr. Tipper were misplaced by Theobald from 
the latter collection and that Triassic rocks have so far not been 
proved in the Arrakan Yoma. This is not the only instance of the 
mixing up of specimens by Theobald, as specimens registered in 
the Geological Survey catalogue as being from the Lime-Hill, south 
of Thayetmyo, were found to contain three species of Khirthar 
Orthophragmince* Diligent search since by numerous geologists 
in the locality noted has only produced Oligocene Lepidocyclince , 
whilst to the west of the Thayetmyo district. the three species of 
Khirthar OrthophragmincB purporting to come from the Lime-Hill 
are very common indeed. 

In the north of the Minbu district and in Pakokku the degree 
of metamorphism of the Axials is more intense than to the south, 

i Rec. Geol Surv. Ind^ Vol. XXXIV, p. 134, (1906). 

■ Cotter: JRec, GtoU Surv, Ind,, Vol. XLL p. 323, (1912). 
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and in places where I saw them, I certainly thought that Chaung- 
Magyi rocks were included in the series. However, outside typical 
areas where Chaung-Magyi rocks are overlain by fossiliferous Ordo¬ 
vician strata, the identification of the Chaung-Magyi series is always 
very doubtful, and ever since its inception the name has been utilised 
by most Burma geologists for any series of metamorphosed or 
submetamorphosed rocks of slaty character, which could not be 
specifically correlated by direct mapping or by paleeontological 
evidence. 

Recently, (1936), I had occasion to traverse across the Mongmit 
State to the second defile of the Irrawaddy just below Bhamo. On 
the route followed, granitic intrusions were common and also various 
indurated rocks of slate-like character which, for want of a better 
Mongmit State : name > 1 classed as Chaung-Magyis. Later I 

Rocks similar to found a highly folded and faulted but less 
Ax,als * metamorphosed series with what one must 

presume were intercalated limestones. I tentatively placed these 
limestones as Palaeozoic owing to their massive character. Later, ’ 
in a limestone in a topographically lower series which appeared to 
underlie the massive limestones, Cretaceous foraminifera were found 
to occur. In the field I had placed the sandy sections of this latter 
series as lying on an eroded surface of limestone and so had correlat¬ 
ed their limestone intercalations with the massive limestones. In 
my field note-book I find that I had remarked on the similarity 
of this less metamorphosed series, to rocks seen at the foot of the 
Arakan Yoma range in the north-west Minbu and south-east 
Pakokku districts whose age I had been unable to determine but 
from whose character I had included in the Axials of Theobald. 


In the area under description I only saw what I took to be Axial 
rocks in Sheets 84 L/3, 84 L/7 and 85 1/16. So far as I was eon- 

Reveralon to Thco- cerned the term ‘ A ™ 1 ' t° me meant the 

baM’a original term— Hill-Rocks of Blanford, the original Axials of 
Theobald and the Chin Shales of Ncetling. 
Owing to Theobald’s very doubtful distinction between Negrais 
and Axial rocks a reversion to this original nomenclature was 
inevitable. The term Axial is much better than Chin Shales for 
this series as so many different kinds and types of rock are included 
in it, and so far as is known, these rocks of doubtful age 
extend from the Andaman Islands through Cape Negrais to 
Assam. 
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West of Sidoktaya (20° 27'; 94° 14' 30") the Axials consist of 
shale, schistose sandstones, schists and lavas. The occurrence of 
the lavas lying in big blocks upon sandstones 
Sidoktaya. **** recall the structure of pillow lavas. A con¬ 

glomerate which has been taken as the base 
of the Eocene in this area is seen two miles west by south of Sidok¬ 
taya on the Sidoktaya-Kanywa tract. It is a tough quartzitic 
conglomerate, the pebbles varying in size from sand grains up to 
one inch in diameter and, rarely, up to six inches. Under the micro¬ 
scope the pebbles are seen to consist mostly of mosaics of quartz. 
Strained polarisation is common in this quartz, the larger pebbles 
showing the greater strain. Pebbles of microcrystalline quartz 
are also present in small quantity and a ferruginous cement forms 
the groundmass. 

Westwards from this conglomerate on the Kanywa track (20° 
25' 30' ; 94° 10' 30') the Axials show fine-grained contorted shales 
with some secondary silica ; these are exposed a quarter of a mile 
west of the conglomerate, whilst west of Kanywa, (20° 25' 30'; 
94° 10' 30') along the Palet trail little can be seen but schist and 
phyllite detritus. The trail is overgrown by creepers and on the 
watershed there is a thick undergrowth and carpet of rotting vegeta¬ 
tion. Just above the village of Kanywa amygdaloidal volcanic 
rocks occur but the valley below is composed of slaty schist. In 
the Palaung chaung three miles north-west by west of Sidoktaya 
the rocks of the Axial boundary are all very much crushed and 
contorted. In the series above the basal conglomerate the contort¬ 
ed rocks vary from fine-grained sandstone to coarse grits and 
conglomerates. In Sheet 84 L/7 to the south, the conglomerate 
which has been taken as the base of the Eocene, coincides with the 
reserved forest boundary one mile south-west of Thetle (20° 22' 
30'; 94° 16'); both above and below it the strata are all very con¬ 
torted ; above they consist of lavas, shales and sandstones and 
below of crystalline limestones and other indurated rocks. Just 
inside the Axial boundary the head-waters of the Yebauk chaung 
have been captured by the tributary stream which flows south¬ 
east to join the Thaga chaung immediately east of the Munzaw 
(20° 21'; 94° 17'). Crystalline limestone occurs on Hill 113G 
(20° 19' 30'; 94° 17') one mile south by east of Atet Munzaw 
(20° 20' 30'; 94° 17') whilst on Thaga chaung three quarters of a 
mile to the south-west the basal conglomerate dips 40° E. 5° N; it 
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contains pebbles of quartzite, slate and scliist, generally about one 
inch in diameter. To the west it lies unconformably and probably 
with a slightly faulted boundary on shales and lavas. The shales 
are very homogeneous, contain limy concretions and break down 
on weathering into flakes and splinters; the lava is amygdaloidal 
and very much altered. Further to the west occur ashes, agglo¬ 
merates with lava bombs up to six inches in diameter and altered 
lavas. Above the boundary the rocks consist of alternating sand¬ 
stones, shales, and ashes all very much broken and contorted and 
approximating to vertical. One mile south by east of Munzaw an 
Eocene foraminiferal limestone occurs. 

In Sheet 84 L/8 conglomerates characterise the lower Eocene 
rocks which overlie the serpentine-intruded Axials. These Axials 

Hayden: Axials were traver8e( l b J Sir Henry Hayden 1 when 

west of Hpa-AIng reporting on the steatite mines of the Minbu 
and Ngape. district and I give an extract from his paper 

which deals with these boundary rocks, firstly, west of Ngape (20° 
4' 30*; 94° 28') to the south, and then with those west of Hpa- 
Aing (20° 15' 5* ; 94° 20'). 

“ As the road approaches Ngape, the sandstones become unfossiliferous and 
between that place and Shauktaung (19° 58'; 94° 30' 30"), the beds appear to 
contain no recognisable organic remains. At about half 
a mile west of Shauktaung the sandstones are underlain 
by thick beds of very finely laminated dark shale with occasional carbonaceous 
bands. In these shales occur at first narrow bands of sandstone, and beneath these 
a thick bed of grey limestone, with nummulites in places : as a rule, however, in 
this neighbourhood, the limestones have been altered to such an extent by out¬ 
bursts of a dark green serpentine, that the fossils are not recognisable. Beneath 
these limestones come— 


(1) a bed of very dark purple schist, containing some limestone bands, and 

succeeded by 

(2) an immense thickness of green and purple shales, containing enormous 

quantities of vein-quartz. These rocks (1 and 2) are presumably 
the “ Chin shales ” of Dr. Noetling.* 


In the neighbourhood of Shauktaung, the tertiary beds dip to the east at an 
angle of 40°, and form parallel ranges of low hills running north and south and 
bordering the Arakan Yoma. These rocks show no signs of alteration. As soon, 
however, as the “ Chin shales ” appear, a remarkable change is noticed; the rocks 
then become folded, crushed and faulted, and in this condition form the greater 
part of the Arakan Yoma. At about II miles west of Shauktaung the “Chin 


1 Bsc. Geol Surv. Ind. t Vol. XXIX, pp. 74-70, (1890). 

1 Bee, GeoL Svrv, Ind VoL XXVIII, Pt. 2, p. 02, (1895). 
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shales ” first appear and continue without interruption to Won. About 1J miles 
west of Won they are well seen in the steep, precipitous sides of the Mankyaung. 
Here also occur numerous dykes and intrusions of a grey dolerite, which is seen 
in great masses in the “ Chin shales Numerous boulders of dark green serpen¬ 
tine and a somewhat fine-grained green gabbro occur in the stream-bed. Two 
and a half miles west of Senlan are found large quantities of the above serpen¬ 
tine. The rock has been much crushed and in places strongly resembles the “ Chin 
shales **. It contains numerous veins of steatite, and it is here that the new mines 
already described have been opened. 

The general strike of the rocks being north and south, the same beds are met 
with in the journey from Hpa-Aing to the older quarries. A few points of difference 
are, however, noticeable. One of these is the much smaller quantity of vein-quartz 
found in the “ Chin shales Another very interesting feature of the rocks here 
is formed by numerous strings of quartzite pebbles and boulders enclosed in these 
shales : these enclosures are of all sizes, and range from blocks weighing several 
tons down to fragments an inch or so in length. They appear to lie along the cleav¬ 
age planes, with their long axes in the direction of strike of the cleavage. The 
enclosures are well seen in the Kyikyaung, at the halting place reached at the 
end of the third day’s march from Hpa-Aing. Here, too, a band of quartzite is 
seen interbedded with the shales. The appearance of the shales and their 
enclosures so exactly resembles that of the quartzite pebbles and boulders seen in 
the Cambrian slates on the peninsula of Howth, near Dublin, that one is 
constrained to assume a similarity in their mode of origin.’ 

This latter phenomenon has been described by Prof. Sollas, who writes— 

4 on the north side of Howth one may observe how great blocks of quartzite 
have been squeezed out from their bed during folding and carried into a stream 
of flowing slate, to form veritable intratelluric erratics. Near the nose of Howth 
whole trains of such erratics may be seen ; these, no doubt, stand in connection 

with an important plane of shearing along the middle limb of an overfold. 

The whole terrain seems here to have been thrown into a state of intestine move¬ 
ment flowing up, down and sideways, and even whirling round about \ x ‘ The 
boulders of quartzite are in some cases so large as to preclude the probability of 
their having been waterborne, while at the same time their exact resemblance to 
the neighbouring bed of quartzite is strong evidence in favour of their having been 
derived from it.’ 

The amount of pressure to which these shales have been subjected, though 
probably not so great as that which the Howth rocks have repeatedly undergone 
sinoe Cambrian times, has, nevertheless, been sufficient to elevate the great moun¬ 
tains of the Arrakan Yoma, and to fold and contort the shales to a vast extent. 
The cleavage and bedding of the shales appear to correspond and, where not vertical, 
the prevailing dip is at a high angle (80° and over) to east or west. Everywhere 
overfolds, faults and broken-backed anticlinals are seen, and it is almost impossible 
to estimate even roughly the true thickness of these beds which extend, at any 
rate in the neighbourhood of Shauktaung and Won, over more than six miles of 
country. Nor does the possibility of the discovery of fossils in beds which have 
been so crushed seem to be anything but exceedingly remote.” 

1 Proc. Geologist’s Assoc., Vol. XIII, Ft. 4, (1893). The Geology of Dublin and 
its neighbourhood. 
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Cotter describes the Axial rocks of the same area in his progress 
report for 1912-13 as follows 

“ The name Chin Shales has been given by Noetling 
Cetter : Axial* of to the series underlying the Eocene. The term “ shales ” 
Sheet 84 L: 8 . jg no t well ohosen. Certainly shales are to be found in 

series, but the usual types of rock are quartz-schist, horns tone, taloose slate, 
Chin Shale*. slate ; shale is not common and is often carbonaoeous. 

The Chin series are full of veins of serpentine or steatite its alteration-product. 
The Chin series can best be studied by wading up-stream up the small chaungs 
which run from the divide. It is not of much advantage to climb up the hills, 
since the exposures are poor. I shall describe the stream sections first. 

Man River ,—I could not get up the river at the time of my visit since the fords 
were over six feet deep, and the Bunnans at Ngape would not undertake to go. 

The footpath to Thitkut was ascended for a short distance. 
Stream tectfen* in no exposures in situ were seen, and no serpentine, 

the Yomah. Loose pieces of sandstone were found on the surfaoe of 


Stream *ectfen* 
the Yomah. 


the ground, but these might belong equally well to either the Lower Eocene or the 
Chin series. I believe the boundary of the two series to be about five furlongs 
S. W. of Minlwin village (20° 4': 94° 25') in this section, but cannot draw it 


exactly. 

ZJgin chaung. —Proceeding westward from Shitku village (20° 8': 99° 24'): 
Lower Eocene conglomerates are passed, and then serpentine appears, but the 
junction of the Lower Eocene and the serpentine is in a band about one mile thick, 
and apparently solid. The Ugin river forms a deep gorge westward of the ser¬ 
pentine, grey schistose slate is exposed in which are numerous quartz-veins. 

Pazi chaung. —About five furlongs west of Ngayauchaung (20° 9': 94° 23') 
village altered serpentine full of calcitc veins is seen ; further west the serpentine 
is more fresh and solid. 

SchiBts are exposed in the river section to the west of this. Near the inter¬ 
sected point marked 940 serpentine altering into calcite is seen. The rock in 
partB is almost entirely calcite, and is of a pale buff colour; its surface weathers 
in a curious network. 

West of this, stratified rocks, mainly quartzitic sandstones are seen, and still 
further west a bed of massive serpentine about 15 yards in thickness; and west¬ 
ward beyond this a long section of the usual schistose rocks of the Chin series, filled 
with numerous quartz-veins. 

Don chaung .—Compared with the Pazi chaung section, the rocks of the Don 
chaung are a very much less altered; sandstones and shales being seen in several 
localities. There are no veins of serpentine here; probably this partly accounts 
for the unaltered appearanoe of the Tocks. 

Especially noticeable in this section k the intense amount of disturbance to 
which the rocks have been subjected. They are broken, oontorted, and dip 


irregularly in all directions. 

Zi chaung .—In this section after passing the Lower Eocene conglomerates, 
nothing but Chin Series is seen. These are here hard sandstones, slaty black 
ghflT**, and quartz-schists with vein quartz. About 1£ miles from the boundary 
massive serpentine is seen. 
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Thetkegyin footpath .—Along the path to Thetkegyin (20° IP; 94° 16') sand¬ 
stones of Lower Eocene age occur until about} mile from Sitsayan village (20° 13'; 

94° 19') where serpentine is first seen. The serpentine 
C on, ‘ belt is here about J mile thick. Westward shales and 

schists are seen, but exposures are very rare. At Thetkegyin village is an exposure 
of black shaly graphite with quartz-veins. The road to the Steatite Mines (visited 
January 1912) from Thetkegyin descends to the Kyi chaung where the rocks are 
disturbed but dip usually to about 30° S. of W. at angles of about 80°. The rocks 
exposed here are of 44 hom-stone ” type. 

From the Kyi cJiaung the path ascends to the Yomah divide. Talc-schist 
and possibly Kyanite schist occurs. Quartzite is seen in places. Vein quartz 
also. There are exposures of quartzitic sandstone with vein quartz at Thitmyitgyi 
(20° IP; 94° 4' 30*) and Thitmyitkale (20° 12'; 94° 3" 30*) camping grounds on 
the top of the Yomah. The dip at Thitmyitkale was 65° to 10° S. of W. 

The mines themselves are in exactly the same condition as when they were 
visited by Mr. Hayden in 1895, and do not require further description. A specimen 
of serpentine partly altered into Bteatite was collected. 

Steatite also occurs on the Bpur of the Yomah between the Zi and the Don 
chaung8. 

The Yomahs arc clearly fan-structured. The dips are very irregular owing 
to the contortion, but broadly speaking they are generally close to the vertical 
and the strike is 10°-30° W. of N. Fold-faults must of 
Yomah : * UrC course abound, and the structure must be regarded as 

the fan-structure of the isoclinal. It is obvious that rocks 
of very different ages are packed together in one metamorphosed complex. Pro¬ 
bably this complex will never be unravelled. In the absence of fossils it is impos¬ 
sible to separate the series. Some geologists have regarded the Yomahs as Tertiary 
in age ; others as Cretaceous. We know that both Cretaceous and Triassic occur ; 
it is also quite possible and even probable that Tertiary rocks are also folded into 
the Yomahs. Some of the shales and sandstones have an appearance like that of 
the Pegu series, but they are unfossiliferous. 

Although fossils have been found in three localities by 

Axiab : Unfossiliferous Thoobald, two of those were from stream-beds where the 
nature of* . . .. mi . 

specimen was not tn situ . Their occurrence is certainly 

very rare 

The following note of Bion’s regarding Theobald’s boundary 
west of Mindon (19° 22' ; 94° 46') was taken from his field note-book 
for 1915:— 


44 Theobald draws the upper boundary of the Axials between Taunglat (19° 
22'; 94° 42') and Tama auk (19° 22'; 94° 43'). I examined the section between 
these villages and there is no doubt that there is no sort 
f Mind 1 WC8 * of break here. The Axials pass up by insensible grada- 

0> " n 0B * tions into the Nummulitica. Nevertheless Theobald’s 

4 A rials * are worth separating off as a lithological zone marking special conditions 
of deposition. They are characterised throughout by grits, ashes and shake 
which are often poroellanous. The grits rarely attain the characters of conglo¬ 
merates but are often coarse and they occur right through the group. Most of 
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them are largely made of ash but a striking feature is the presenoe of pellets and 
lumps of day derived from some pre-existing clay bed. They cannot therefore 
have been deposited far from their source of origin. The sandstones commonly 
weather into spheroids exactly like basalt and in the field are at first sight just like 
lavas. The shales are most peculiar and quite unique. A common type is a dark 
hardened day which shivers into small fragments under the hammer. Peculiar 
hard white porcellanous beds are also common.” 


From one mile south of Kadaing (19° 22' 30"; 94° 38') Bion 
collected a cast of a Schizaster , and a doubtful Cardita , and from 
the Pyet chaung just over two and a half 
miles north by west of Kadaing some loose 
Lithothamnium limestone. 


Kadaing area. 


In the Pazin chaung which debouches into the Mindon, Mu or 
Mahton chaung three miles north-west of Kadaing, Bion describes the 
following section which dips 30° west from a point 100 yards below 
the confluence of the tributary, Kangok chaung :— 

4. White sandstone. 

3. Clays with fossils—small Corbulas, gastropod casts, ? Cardita , 
? small ammonite. 

2. Limestone and calcareous conglomerate with Lithotham¬ 
nium. 

1. Massive conglomerates, -grits and sandstones. 

According to Bion, from the aforesaid confluence east up Kangok 
chaung the dip steepens rapidly to 70° west and then about a quarter 
of a mile east of the stream junction a faulted anticlinal crest can 
be seen in the stream. Above the crest to the east the dip changes 
to 50° south. Blocks of the same Lithothamnium limestone are seen 
in the stream and it is clear that the limestone is repeated on either 
side of the faulted anticline. 

Further south between Pyaung (19° 20'; 94° 41') and the Yin 
chaung , sandstones, grits and conglomerates were noted by Bion 
striking north by west and dipping at steep angles. 

Pyaung Area. ;p or about one and a half miles west of Tanlebin 
(19° 19'; 94° 42') the dip is to the west by south at from 70° to 
80°. At the right angle bend in the Padin chaung a quarter of a 
mile south of Pt. 995 (19° 19'; 94° 41") the dip is vertical, where 
some 200 feet of limestone, calcareous conglomerate, calcareous 
sandstone, and calcareous shale full of Lithothamnium cuts across 
the cfmmg. Bion notes that this is the limestone found by Theo¬ 
bald, but that the latter must have seen it on the summit of Hill 
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995 where it is quarried on a small scale for local use. The section 
in the chattng is a good one and shows that the limestone is very 
irregular and fully justifies Theobald’s description of it as a c rubbly 
limestone conglomerate The lime is, according to Bion, due 
solely to algal growths and nodules of limestone shewing algae on 
breaking across, occur in shale, sandstone, and conglomerate, indis¬ 
criminately. Here and there the nodules are numerous enough to 
have become compacted together into a sort of rubbly limestone. 

In the Yin ckaung , to the west, clay shales dip east by north at 
steep angles although but a quarter mile up the tributary stream 
„ „ from the confluence south of Pt. 643 (19° 

Yin haung equence. ^g/ . g^o Bion noted ‘ Kanpetlet schists 

faulted as usual ’ against the conglomeratic and ashy series. Bion 
notes that the separation of these two series is very simple owing 
to the older schists being violently contorted, crumpled and ‘ teased 
out * whereas the younger beds are merely slightly cleaved. The 
‘ Kanpetlet schists ’ in this area are mostly phyllites, bluish and 
blackish, with quartzite bands ‘ teased out ’ among them and 

according to Bion closely resemble the Morte slates of Devon. 
Bion noted chromite from a segregation in the serpentine which 
outcrops in the Mu chaang three miles north-east of Kadaing. 
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CHAPTER V.—DETAILED DESCRIPTION OF ROCKS: THE 
AXIALS— (Continued). 

Apart from the exceptions given in the last chapter, south of 
latitude 19° 30', the Axial rocks have only been examined by Theo¬ 
bald, although I have been up to the boundary 

Theobald’s descrip- * n Made chaung. As Theobald’s memoir is 

tlons. y . 

out of print I have included his observations 

on this area in detail. They are as follows 1 : - 

* The best characterised portion of this group (Axial) is what I have designated 
the upper Axials in my sketch of this group in the Records of the Geological Survey 
(Vol. IV, for 1871, page 86). At the base of this upper division occur the only two 
beds wherein I have detected fossils, though I am sanguine of future researches in 
this group revealing a richer fauna, when a wider area of these beds comes under 
observation. This upper group extends from the frontier down to the point where 
the Axials disappear on the bank of the Thanni stream. Those beds are first seen 
along the West bank of the Moo stream, and are well displayed in a feeder of the 
Moo, near Kondeing-zu (or Kondein-keng) (19° 28'; 94° 41'), and thenoe on to 
Khyoungtha (19° 28'; 94° 40')- The bods near Kondeing-zu are in places vertical, 
or with a high dip to west-by-north; between this and Khyoungtha the high dip 
is maintained, but is reversed, varying from 70° east by north to 70° as an average 
east by south. Near Khyoungtha the dip is less, and small anticlinal folds are 
indicated by a few reverse dips ; hereabouts also a little limestone is seen lying 
about in the stream in the form of large boulders, which, though I did not discover 
it in situ at the time, I now recognise os the limestone at the base of the upper Axial 
division. The rocks along the Moo stream are much distorted, but I imagine they 
form part of the sharp synclinal fold, whose axis passes somewhere about the village 
of Kondeing-zu, and which is cut off by the boundary fault close to the Moo 
stream. 

At Khyoungtha these beds are left, when the ascent of the hill or ridge is com¬ 
menced, which separatee Khyoungtha from Pathi (19° 28'; 94° 35'). No good 
section is seen on the steep hill sides, but the beds passed over are thick-bedded 
grits, with rusty and glazed surfaces, especially the coarser and more conglomeratic 
beds. The prevailing dip of these beds is east-by-north; but this is occasionally 
seen reversed, as though from small local foldings. The beds are much indurated, 
and seamed with calcite, and seem to extend to near Pathi. The village of Pathi 
is situated on a feeder of the Mahton stream; and directly this small stream is 
crossed, and the eastern branch of the Arakan range gained, running up to the 
frontier peak of Kyeedoung, a different description of beds is at once met with— 
softash subschistoee beds, wherein the calcite veins are replaced by veins of quartz 
very sparingly distributed. It is only in the stream that a view can be got of these 


i Mm. CM. Sure . Ind., VoL X, pp. 319-325, (1873). 
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beds, u they decompose readily at the surface into a clayey soil covered here with 
dense virgin forest, the unchallenged domain of the elephant, tiger, and other 
large game. Very similar beds to those are seen further south on the ascent to the 
Arakan range by the little-used path, from Leppandaing (19° 20'; 94° 41') and 
Wetto (19° 20'; 94° 40') to Mai-i; but I know of no good sections of either these 
subschistose beds or the overlying silicious grits. In none of the above beds have I 
noticed any fossils. I will here therefore give the best section of the upper division 
of the Axials I am acquainted with, commencing with a bed which I take as the 


Hlowa stream section, 
the group. 


base of the division from its containing a few fossils and 
thereby affording a recognisable horizon for classifying 


Section in the Hlowa stream (ascending). 

Longer Axials. 

Dark and greenish flaggy shales.^ 

Sandstone and shales ...... ^-Seen over 300 feet. 

Dark thin-bedded shales, with carbonaceous markings . J 


Upper Axials . 

Ft. Ins. 

(a) Thick-bedded shale passing into dark massive 

arenaceous shales, with hard nodules inters¬ 
persed. (Cardita and small indeterminable 
gasteropoda) . . . . . . * . 

(b) Dark blue shale, with a few sandstone bands . . 17 0 

Rubbly limestone conglomerate, with a little blue 

shale, bedding indistinct.10 6 

Hard, coarse conglomerate, with a little fine sand¬ 


stone 


5 9 


Ft. Ins. 


110 0 


33 3 


(c) Shales and sandstones in thick and thin beds . . 188 0 

Fine thin-bedded gray argillaceous sandstone, with 

Bhaly partings.34 0 

Ditto thicker-bedded ... 46 

Thick-bedded sandstones in one and two feet beds, 

with shaly partings.64 0 

Coarse, hard, subporcellaneous grit ... 60 

Thin-bedded shales and sandstones and one six-inch 

bed.68 0 

Conglomerate.3 0 

Shaly beds.21 0 

Hard argillaceous subporoellaneous sandstones . 102 0 

Shaly beds.102 0 

Massive argillaceous subporoellaneous sandstone . 34 0 

Shaly beds.21 0 
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Ft. Ins. Ft. Ins. 


Hard subporcellaneous sandstone .... 

3 

0 

Shaly beds. 

5 

0 

Massive thick-bedded gray white-speckled grits 

25 

0 

Ditto, ditto, but in thinner beds .... 

129 

0 

Shaly beds ........ 

25 

0 

Thick-bedded subporoellaneous white-speckled grits 

43 

0 

Ditto, but in thinner beds .... 

12 

0 

Dark shales and sandstones ..... 

51 

0 

Bluish gray subporcellaneous sandstone 

21 

0 

Dark sandstones and shales ..... 

129 

0 

Dark shales ....... 

45 

0 

Creamy blue subporcellaneous sandstone 

5 

0 

Sandstone and shales (ill seen) .... 

215 

0 

Massive white-speckled grit ..... 

11 

0 

(d) Shales and sandstones in from six to eighteen inch 

beds.. . 

475 

0 

Massive greenish gray sandstone .... 

4 

0 

Shales with a few thin sandstone beds . 

172 

0 

Shales with a few thiok sandstone beds . 

475 

0 

Sandstone with a few shaly partings 

43 

0 

Very massive blue and gray sandstone . 

52 

0 

( e) Dark harsh shales and dark thin-bodded sandstone. 

none over four inohes ..... 

154 

0 

Massive argillaceous sandstone .... 

5 

0 

Dark hard shales and sandstones as above 

319 

0 

Ditto, but thicker bedded .... 

25 

0 

Ditto, but thinner bedded as above . 

129 

0 

Shales and sandstones. 

344 

0 

(/) Pale massive sandstone, gritty and in parts conglo- 

meratic ........ 

103 

0 

Pale gritty sandstone thin-bedded, gray and creamy 

12 

0 

Ditto, massive. 

6 

0 

Hard gray sandstone. 

26 

0 


1,364 6 


1,221 0 


976 0 


147 0 


At this point the faulted boundary of the group would seem to come in, but it 
is not very clear, and may in reality be a few hundred feet higher. 1 


1 This fault was also remarked by my colleague Mr. Fedden in his notice of this eection 
but his account does not enable me to correlate his observations with my own with any 
great closeness; but it is certain that, theoretical considerations apart, my colleague's 
views of a fault crossing the section here tallied with my own, though arrived at quite 
independently of one smother. (Theobald.) 
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The above section may be thus epitomized :— 

Lower A rials. 


Shales and sandstones (seen) 


Ft. Ins. Ft. Ins. 
300 0 


Upper Axial *. 


(a) Cardita shales 

. 


. 

. 110 

0 

(b) Halobia limestone, shales, etc. 

. 



33 

3 

(c) Freckled grits, etc. 

. 


. 

. 1,364 

6 

( d) Shales and sandstones . 



. 

. 1,221 

0 

(e) Shales and sandstones . 

. 


. 

. 976 

0 

(/) Sandstones, etc. . 

. 

. 

. 

147 

0 


3,851 9 


The really characteristic portion of the group is that embraced in mbdivisions 
(a), ( b) and (V). , 

(a) These shales are exposed just below the mouth of the Thayet stream, a 
small feeder of the Hlowa, and are here characterised by a species of Cardita which 
is not rare in them, and not unfrcquently presents both valves united. A few 
small gastropods are also present, but Dr. Stoliczka has been unable to specifically 
determine any of them ; neither have these fossils been noticed elsewhere. 


(b) This IkxI 1 have termed the Halobin limestone, though at this particular 
jaunt it docs not contain that fossil ; but T ha\e little doubt that it is one and the 
same IkmI. The limestone here seen is a mixed rock, partly shale and conglomerate 
and parth a rubbly limestone. It contains here a species of echinoderm, though 
not m a condition to be identified, and it iR the presence of this fossil elsewhere 
which heljis to identih this rather variable bed. Tn the small stream near the 
Thanni stream, almost where this group ceases out, a thiekish bed of grey limestone 
occurs, which may be identified with bed, b, of the Hlowa section by the occurrence 
m it of numerous specimens of the same echinoderm, but not sufficiently well pre¬ 
served for specific identification. This is the same limestone w’hich I have described 
as found between Kon-ding-zu and Khvoungtha, near the frontier, and though it 
would seem to vary much in mineral character, it may generally be found where 
this upper division of the group is well exposed. North of Nattoung, and some 
one and a half miles south-west from Thabie-gaing, a 
small outcrop of what I take to be this limestone is seen 
on the crest of a low hill in which a few specimens were obtained of a shell which 
Dr. Stoliczka considers to be Haldbia Lommeli, a characteristic fossil of the Triassic 
group in the Himalayas of Spiti. In the Pyagyee, a small feeder of the Maday 
river this limestone is seen, of various tint* of pink and yellow, and occasionally 
Converted into a white crystalline rock, which change is probably induced by the 

P 


Triassic outcrop. 
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near proximity of the large mass of serpentine of Shynbaiahn hill. An outcrop of 
this rock also occurs near the Mahton, about one mile North-west of Lepangain, 
where it appears to strike west-south-west, and three miles north-east of this out¬ 
crop is a large patch of limestone forming a low hill, the dip not being well seen, 
whilst two and a half miles south of the first outcrop is another large mass of lime¬ 
stone which forms the summit of a hill. The ascent to this last mass of limestone 
lies over typical upper Axial strata, and I believe all these three outcrops belong 
to one and the same bed. Although the limestono would here seem to be more 
developed than farther to the south, I noticed no fossils in it, which is, I think, due 
to the greater amount of alteration the rook has here undergone. At various other 
spots traces occur of this bed, but nowhere has it yielded fossik capable of determina¬ 
tion (save at one spot), and that only the single species of Halobia above named. 

Whilst, therefore this limestone is the only bed of the group which has yielded 
any reliable evidence of its age, meagre as that evidence is, the next division (c) of 
the group is the most important as regards the peculiar petrological character of its 
beds, which enable us to recognise them with confidence w herever met with. The 
characteristic beds of this division, which embraces over thirteen hundred feet of 
beds, are white freckled grits and conglomerates, not usually very coarse (though 
here and there coarse beds, almost pseudo-breccias, occur), and cream-coloured 
argillaceous sandstones, often having a sub-porcellaneous appearance, or some¬ 
times something of a lithographic look. Small white quartz pebbles abound in the 
finer conglomerates, but the coarser conglomerates are mainly composed of argilla¬ 
ceous sub-schistose rocks, which suggest the idea of their being derived from beds 
of the lower division of the group, though this is probably fallacious. The coarsest 
beds I have anywhere noticed occur in the Shu (Shoo) stream above Sabatan (19° 
10'; 94° 61'). In the lower part of the Shu, an enormous thickness of beds is fairly 
exposed, but greatly disturbed and faulted towards the boundary of the group. 
Higher up the stream the dip is more regular, always high, but varying from North- 
east-by east, round to East-north-east. Some of the sandstones are hard, and havo 
strings of quartz pebbles irregularly disseminated through them, the pebbles some¬ 
times, however, being accumulated in bands. In one spot I noticed among the 
finer ingredients a well rounded quartz boulder six inches in length in one of these 
conglomeratic sandstones ; but such instances are rare. Some of the coarser beds 
up this stream are, however, of such a character as to overtax my power of ade¬ 
quately describing. One of the most remarkable, and which will explain the typo 
of the rest, was just below a spot where a wall of rock crossed the stream, rendering 
it impassable for elephants. The bed in question was a sandstone of ordinary appear¬ 
ance enough, save that embedded in it were largo angular fragments of a sub-schis¬ 
tose rock belonging to some older gToup. Many of these included fragments were 
nearly a foot in diameter, and, as far as I could judge, were truly derivative frag¬ 
ments, and not (as occasionally is seen) fragmentary portions of a rock contemporary 
with the beds which seem to enclose them. The bed was not in other respects very 
conglomeratic, nor were those fragments very numerous ; and I suppose the appear¬ 
ance, however created, was due to causes extremely local. I nowhere else noticed 
any similar bed to this, and the general character of the coarser conglomerates of 
this group is that of a rock composed of partially or well rounded fragments, with a 
rather sparing amount of matrix, and in places only displaying a tendency to the 
angularity of a breccia.*’ 
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Of the serpentines which occur in this area Theobald remarks 1 :— 

“ The first mass of serpentine south of the frontier is that which constitutes 
Bidoung hill, five miles South by east of Pathi. Descending the Mahton from the 
North, Bidoung hill has the appearance of being almost 
*erles >Cn * ° C ^ isolated from the main body of the Arakan range, so much 

so that it is not clear, at the distance of a few miles, on 
which side of the hill the Mahton will flow. On reaching, however, the Northern 
flank of Bidoung, the Mahton tumR somewhat to the East, and flows through a 
gorge of serpentine rock, bare, sterile, and picturesque, with Bidoung on th3 right 
and a somewhat smaller peak of similar character on the left. The serpentine area 
which is here tiaversod by the Mahton extends some five miles in a North-by-east 
or North-north cast direction, with a mean width of perhaps two miles ; and in 
addition to the main stretch of this ro<k, a Rnmll ridge runs down from it along the 
East bank of the Mahton to nearly opposite the village of Kaingi, though without 
appearing in the bed of the river. This is the largest single mass cf serpentine in 
the province, and has produced greater alteration in some places ajnong the rocks 
in contact with it, than 1 have elsewhere observed. This is especially the case on 
the flanks of Bidoung hill, where, as the boundary of the serpentine is approached, 
the rocks for a short distanco from the junction become converted into gneissosc 
and chloritic schists. Even hero, however, this effect is local, and is much less 
visible on the East of the Mahton along the minor range opposite Kaingi than on 
the flanks of the larger mass of Bidoung. I think it probable, however, that this 
may partly be duo to the composition of the beds in contact with the serpentine 
rather than to any more occult cause, since, caetoris paribus , the behaviour of beds 
so circumstanced, and the kind and degree of met a morphism produced in them, 
would mainly depend on their composition, and this probably explains why at one 
spot a perfect mctamorphic schist is produced, whilst at others a less degree of 
change is observable. I did not notice any veins of serpentine in connection with 
tho bulk of the rock of w hich Bidoung is composed, and the same remark applies to 
other localities where the rock is largely developed ; and veins, if such is there occur¬ 
ring subordinately among tho stratified Axial strata, as on Shuaydoung and the 
Hlowa stream. In the Hlowa stream tho serpentine forms a bed or dyke among 
Axial strata, the precise position of which in the group is not clear. It occurs consi¬ 
derably above the Thayet stream, where the section of the upper Axinls commences, 
and is probably intercalated among beds lower in the series than those in the above 
section. It is no doubt connected with the occurrence of serpentine on Shuay¬ 
doung, which in this locality seems to be very sparingly developed compared with 
other places. South of the Hlowa a little serpentine in the form of rolled pebbles 
occurs in the Shu (Shoo) Btream, and in the upper portion of the Ngawet stream 
above Kwon-doung. I did not detect the rock in situ in either stream, but it might 
have boon derived in the Shu stream from small veins in the altered Axial strata 
rather high up, where considerable disturbance is seen. In the Ngawet stream I 
failed to find any likely source for the pebbles seen in the channel, and as in both 
these streams the pebbles did not increase in number or size as the channel of the 
stream was traced to its source, I am disposed to think that these pebbles may have 
been derived from the mass of serpentine, to the south, on the banks of the Maday 

» Mem. Gaol. Svfv. Ind., Vol.X. p. 144, (1873), 

F 2 
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stream, full proofs existing of the free transport of boulders from farther sources 
than this, at a time anterior to the final excavation of the present river courses as I 
have already described of the boulder drift found at high levels along the course 
of the Maday and this part of Pegu generally. 

We now approach the second area of serpentine outbursts, presenting three 
distinct foci of activity, though all ranged in close proximity to the Axial boundary, 
and in part coinciding with it. The first and most remarkable display of this rock 
is seen just above the village of Letpangon (19° 3'; 94° 55') on the Maday. A wall 
of serpentine here crosses the stream and appears to divide the Axial from the Num- 
mulitic group. In the Axials, above the dyke (if such is its nature), the utmost 
confusion and alteration exists, especially a little way up the stream, where 
some limestone occurs, which is doubtless the Triassic limestone (6), but so 
altered as to present no trace of any organism whatever. Below the dyke 
and along the boundary, the utmost mechanical disturbance prevails among 
the newer strata, but nothing like the alteration seen among the Axials, 
and it seems clear that whilst the action of the serpentine on the Axials 
caused or coincided with a notable amount of metamorphism among them, the 
action of the serpentine on the Nummulitics was almost purely mechanical in cha¬ 
racter in its effects. This * wall as I have termed it, has every appearance of being 
a dyke stretching on either side of the Maday, for about five miles in extreme length, 
but nowhere exceeding a quarter of a mile in breadth, and in some places south of 
Letpangon not attaining more than one hundred and fifty yards, if bo much, 
where steeply scarped by a small feeder falling into the Maday stream just above it. 
It runs in a slightly curved line, and at either end terminates abruptly without 
any indication of further continuance.” 


Chromite occurs in small segregations in the Bidoung serpentine 
but none occurs in that of Thayet-chaung to the south. In the 
latter area north-west of Gyobin (19° 2'; 94° 57') the hills are for¬ 
med of tuffs and grits. The same series continues to the westwards 
where one mile east by north of Thayetchaung (19° 3'; 94° 5f/) 
bedded ashes dipping W. 10° S. at 20° are 
a e c aang area. we jj exposed. The thickness of the indi¬ 
vidual beds varies from two inches to six feet. At the south-west 
end of Thayetchaung village vertical tuffs strike N. W. by N. Si¬ 
milar rocks are then seen dipping 70° N. E. by E., a little further 
west and are followed by contorted shales with limy intercalations 
which continue to the serpentine intrusion half a mile west of Thayet¬ 
chaung village. The serpentine band is from 500-600 feet thick, 
dips E. 30° N. and is underlain by tuffs; the river passes through 
it in a gorge. No traoo of chromite could be found in either the 
main mass of the serpentine or as boulders in the stream bed. The 
eastern boundary of the serpentine exposure cuts across the ridge 
which runs eouih from a quarter of a mile south-west of Thayet¬ 
chaung village. This ridge is made up of conglomeratic debris 
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on which boulders, mostly of a quartzitic nature, running up to 
two feet in diameter occur at a height of from 150 to 200 feet above 
the river level. At the bend of Made chaung, one mile south by 
east of Thayetchaung the serpentine is overlain by tuff and ashes 
dipping N. N. E. at 30°. Tt is followed to the east by rather fine 
tuff and grits with occasional conglomerates dipping E. 20° N. 
at 30° to half a mile west by north of Mibauk Atet (19° 2' ; 94° 56') 
where fine tuffs and ashes dip south-west at 40°. Between Mibauk 
Atet and CSyohin, ashy sandstones dip 70° N. E. by N. 

Dr. Cotter 1 states that it is quite impossible to suppose that the 
serpentine intrusions arc as late as Eocene, as they nowhere affect 
Eocene rocks. Whilst one may agree that the serpentine intrusions 
are of pre-Eocene age, one can hardly accept the substantiating 
statement on which it is based, as owing to metamorphism and the 
consequent destruction of fossil evidence the age of the rocks sur¬ 
rounding the serpentine intrusions is unknown and it is quite impos¬ 
sible to say whether Eocene rocks are affected or not. Vulcanicity 
as evidenced by ashes and tuffs certainly continued into the Eocene, 
and we can only regard these latter as outward manifestations of 
plutonic and hypabyssal intrusion. 

From the descriptions given of the Axial and boundary rocks 
no reader can but be struck with the very uncertain nature of 
the boundary of all observers. Added to this the tuffs and ashes 
west of Gyobin are very characteristic and from his descriptions, I 
should certainly correlate them with the upper Axials of Theobald’s 
Hlowa ckaung section. His freckled grits are almost certainly 
tuffs and his porcellanous rocks fine consolidated ashes. Theobald 
is, however, strangely silent about the rocks above the Thayet¬ 
chaung serpentine. Possibly this is owing to the fact that in the 
stream no good section can be made out. One must however con¬ 
clude that all along observers have been mapping a boundary 
separating altered from unaltered rocks—I certainly have—and that 
these rocks range in age from Eocene downwards* 

1 Mem. Geol. Sure. Ind.,V ol. 72, pp. 33, 36, (1938). 
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Lower Eocene rocks 
west of Sidoktaya. 


CHAPTER VI.—DETAILED DESCRIPTION OF ROCKS: 

Lower Eocene . 

North of latitude 20° 30' it is possible to divide the Eocene 
rocks into the following series:— 

Yaw Stage. 

Pondaung Sandstones. 

Tabyin Clays. 

Tilin Sandstones. 

Laungshe Shales. 

At latitude 20° 30', the Tilin sandstone dies out and although 
inconsistent sandstones and conglomerates do occur in the Lower 
Eocene to the south their correlation is not possible, and hence the 
lower three series given above have been classed together as Lower 
Eocene. 

On the Palaung chaung at Aukpon (20° 28' ; 94° 15') in the lower 
part of this series (L. Eocene) faulting occurs and the rocks, 
which consist of fine-grained sandstones, 

coarse grits, and conglomeratic grits, are all 
much disturbed and their relations indistinct. 

Westwards up the chaung exposures are rare ; where they do occur 
they consist of sandstones all so jointed and broken that dips in 
them are not perceptible until the 910-1282 ridge is reached three 
miles west of Aukpon (20° 28' ; 94° 15') on the reserved forest boun¬ 
dary, where nummulitic sandstones dip E. 10° N. at G0°. Towards 

the west, in crushed and contorted shales reinforced by sandstone 
bands, the dips steepen to the conglomerate which has been taken 
as the lower boundary of the Eocene. A similar broken series of 
sandstones and shales is met with along the Sami chaung west of 
Sidoktaya (20° 27'; 94° 14' 30"). 

East of Sidoktaya disturbed rocks occur until the Mon chaung 
is crossed and the shaly series underlying the massive Pondaung 
sandstones is reached. At Thayangaing (20° 
eait°of e sidoktaya. r ° Ck * 2 ^' ; 94° 1G') this series consists of sandstones 
with hard blue limy bands and blue clays or 
shales. They are unfossiliferous, dip east by north at about 30° and 
pass upwards into blue shales to the base of the Pondaung sand¬ 
stones, which is characterised by an Ostrea band. 

Up to a height of 50' above the Thayangaing (20° 29' ;*94° 16') 
stream level, pebbles of Axial debris with diameters up to 8" occur in 
the soil cap. 
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To the south at the mouth of the nala which joins the Mon river 
half a inile north-east of Nyatmg-aing (20° 27'; 94° 16'), sandstones 
grading to blue shales or clays, with harder limy bands, dip east at 
70°. They occur on the west side of a small fault which strikes N. 
40° W. about 250 yards from the confluence. Numerous small 
waterfalls occur in the bed of the stream where clays or shales 
underlie the harder limy bands. Eastwards the series is a shaly one, 
the soil cap is thick and exposures are rare even in the nalas until 
the Pondaung sandstones are reached. At the base of the latter series 
the Ostrea band noted further north is still found to occur. 

Blue shales occasionally broken and contorted fill in the angle 
formed by the scarps of Pondaung sandstone N.N.E. of Magyizu 
AUgylsu Area (20° 26' ; 94° 18'). In the nala north-east of 
Pazaw (20° 27'; 94° 18') they dip steeply and 
occasionally weather conchoidally whilst harder limy bands are 
characterised by cone-in-cone structure. The dips vary from east 
to west but are all very steep, as the stream bed follows the line of 
faulting which separates the syncline to the north-west from the main 
Nwamataung range. Fragments and blocks of fossiliferous limy 
rock apparently from the base of the Pondaung sandstones occur in 
both the main nala and the small subsidiary nalas which join it 
from the scarps to the east and west. 

In the Pazaw nala (20° 27' ; 94° 18') about a mile north by west 
of Pazaw the passage beds from the Pondaung sandstones to the 
lower shale series form a cliff of limy strata and shales from 150-200 
feet high. The nala cuts through these rocks in a series of waterfalls. 
On the east side of the Pazaw nala (20° 27'; 94° 18') a fault runs 
north-east and continues south to half a mile west of Magyizu (20° 
26' ; 94° 18') whilst another running approximately north-west 
joins it three quarters of a mile north of Pazaw. 

To the south these Lower Eocene rocks are all much disturbed 
and this is especially the case where they consist of shaly strata or 
Kyaukpyu Area as hes, although even where sandstones and 
conglomerates occur the dips in them are all 
very discordant. At Kyaukpyu (20° 23' 30" ; 94° 15') in the gorge 
in the Thitmyit chaung , north by east of the village, dips range from 
30° E. 40° N. to 80° E. 30° N. at the north-end in sandstones and 
conglomerates, to 30° N. in conglomerates at the south-end of the 
gorge. These latter conglomerates contain soft casts of small num- 
nrtilites. 
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To the south and west of the village of Thetle (20° 22' 30'; 
94° 16'), grits, dipping 50° E., are underlain by sandstones, shales and 
lavas whilst almost vertical and sometimes contorted sandstones 
and shales alternating with ashes are found in the intervening 
country between Thetle and Munzaw (20° 21'; 94° 17'). A very 
similar series occurs between Munzaw and Hpa-aing although one 
mile south by east of Munzaw village (20° 21' ; 94° 17') a limestone 
H ^ ^ was discovered to contain the Laki foramini 

Fora Nummulites atacicus and Assilina granu¬ 
losa. Big boulders of Axial detritus are strewn about the surface 
m the lower ground formed by these Lower Eocene rocks west of the 
Mon chaung . 

It is obvious from the foregoing account that considerable faulting 
and folding has taken place along the Axial-Eocene boundary in 
this northern area. In addition to this the 

Upper*or* Lower Eocene! Lower Eocene outcrop at Hpa-aing has been 
reduced to about one and a half miles. This 
outcrop must include the Tabyins, Tilins and Laungshes of more 
northern latitudes, if they are present, and one fails to see what 
has become of them. The Upper Eocene (Pondaungs and Yaws) 
and Pegus to the east present a normal monoclinal sequence 
and no unconformity can be made out below them. The presence 
of the Laki forms, Nummulites atacicus and Assilina granulosa, 
points to the presence of the Laungshe shales. The Tabyins 
and Tilins must therefore be overlapped by the Pondaungs at this 
point or cut out by faulting. 

In his Progress Report for 1912-13 Cotter describes the rocks 
of the Hpa-aing—Ngape valley to the south as a series of unfossi- 
liferous rocks which are identical with the Lower 
vaUeyI" al,,g_ ™ Ngape Eocene of Theobald. There is, according to 
Cotter, very little doubt as to their age since they 
overlie the probably late Cretaceous serpentine and underlie strata 
with Khirthar fossils. But it is uncertain to what part of the pre- 
Lutetian Eocene they are to be preferred. 

They consist of (1) coarse micaceous sandstones of a pepper- 
and-salt appearance, (2) indurated white fine-grained porcellanous 
sandstones, (3) conglomerates with pebbles of varied size from that 


of coarse shot to that of a tennis ball or larger. 

Nearly all the small hill-ranges at the foot of the Yomah are 
made of conglomerate, which may be found at any horizon of the 
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Basal Eocene: Paunggyi. 


Lower Eocene, and is especially developed at its base. (4) Shales 
are also found (although they are not very common) in the Lower 
Eocene. An excellent exposure of blue shale is seen in the Zi chaung 
opposite Letpantaga village (20° 18' ; 94° 21'). The shale is un¬ 
altered. A careful search was made for fossils in this and other 
localities bv Cotter, but was unsuccessful. 

The dip of the Lower Eocene rocks is fairly constant and is 

usually in a direction between 4(C and 00° east of north. The 

angle of dip vaiies I rum 30' to 50 , but 

Dip of Lower Eocene j n two places locat dips of over 70° were 
Kockf. w • i 

obtained. 

South-east of Paunggyi (20° 2'; 94° 32') flaggy sandstones, grits, 
conglomerates, and intervening shales are present. The pebbles in 
the conglomerates are generally of quartz but 
soft mudstone pebbles too, are seen. Occa¬ 
sional whitish highly siliceous fine-grained bands occur in the con¬ 
glomeratic series. A few Cardita casts and broken specimens of 
Turritella w r ere found at the falls between Hills 1120 and 1105 
west of Paunggyi. 

To the south the Axial boundary lias only been interpolated 
Axial-Eocene bound- from observations made on isolated traverses 
ary. south of Latitude ^ Hayden, Datta, Bion and Sethu Rama Rau. 

Hayden’s observations on these Lower Eocene rocks near Shauk- 
taung (Sheet 84 L/8) were given in discussing the Axial rocks on 
pages 182 and 183 (ante). 

According to Mr. Sethu Rama Rau the foot and spurs of the 
Chin Hills situated to the south near the village of Thakutkyin 
(19° 42'; 94 r 37') give a good section of Lower 
Eocene rocks; they consist chiefly of argilla¬ 
ceous limestones and shales with a few bands of sandstones of a 
brownish tint. One of the limestones is made up of boulders of 
nummulitic limestones cemented together with a calcareous cement. 
The nummulites were examined by Cotter who identified the Laki 
form Nummulites atacicus 1 in them. Cotter in the paper quoted 
gives a list of localities from which Mr. Datta collected fossils whilst 
making a traverse across the Arakan Yoma further south. They 
are as follows :— 

(1) Not quite half a mile west of Kyuni village (19° 33'; 
94° 41' 30*) Sheet 114. 

«■ Jte. CM. Surv. Ind „ VoL 2X1, Pt. 4, (1012). 


Thakutkyin area. 
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(2) South-east from Kyuni to Kondeingon (a deserted village 

not marked on the map). 

(3) Half a mile north by west of Pebingon—(19° 28'; 94° 41') 

Sheet 115. 

These are the localities from which Nummulites atacicus and 
A88ilina granulosa were obtained, the occurrence of which was 
quoted by Tipper in his memoir on the Andaman Islands. 1 

Again according to Cotter (ibid )— 

‘ Mr. Datta found a limestone rock to the west of this nummulitic bed, half 
way between the villages of Kadein (19° 22'; 94° 39') and Pyugan (19° 23; 94° 
41') which he states is again visible 1J miles west of Ywathit (19° 15'; 94° 44'). 
He points out that this last locality is the one referred to by Theobald.* 2 

The following is Theobald’s 3 section of Lower Nummulitic strata 
above the village of Ywathit, (19° 15' 45^ ; 94° 43' 30") in ascending 
order. 


TrIASSIC 8TRATA. 


Ywathit. Theobald’s 
Nummulitic sequence. 

Nummulitic8. 

Hard sandstones (ill seen). 

Shales (ill seen) ....... 

Blue friable shale, with numerous bands of sandstone 
Ditto with shales predominant 
Hard blue sandstone ...... 

Shale and sandstones, former predominant 
Hard blue sandstone ...... 

Shales and sandstones, latter thin, former predominant 
Blue friable shale with harsh blue and grey sandstone 
Blue shale with sandstone courses .... 

Blue and grey harsh sandstone and shales, former predominant 
Blue and yellow shales, with hard sandstone courses, in regular 
beds, one to four inches 
Pale bluish grey sandstone 
Blue and yellow shales as above 
Yellow shales, with hard blue sandstone courses 


Shaly beds (ill seen) .... 

Blue shale. 

Hard grey argillaceous sandstone, rather shaly 
Sandstone in one and two-inch beds 
Grey shale and shaly sandstone 
Blue and yellow shale .... 
Shale and sandstone (ill seen) . 


Ft. In. 
44 0 
600 0 
146 0 
81 0 
3 0 
12 0 
2 6 
260 0 
61 0 
17 0 
173 0 

16 0 
1 0 
78 0 
26 0 
103 0 
1 0 
1 6 
61 0 
6 0 
66 0 
86 0 


Total 

i Mem. Oeol. Surv. Ind^ Vol. XXXV, Pt. 4, p. 200, (1971). 

• Bee. Qeot. Surv. Jnd. t Vol. IV, Pt. 2, pp. 102, 134, (1871). 
» Mem. Oeol . Surv. Jnd., Vol. X, pp. 290*291, (1879). 


. 1,810 0 
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Triassio strata— contd . 

Nummulitics. Ft. In. 

(Here comes in the village of Ywathit, below which the section is 
merely estimated, not measured)— 

Hard sandstone ......... 70 

Greenish grey flaggy sandstone and bluish grey arenaceous 

shales, with carbonaceous markings ..... 45 0 

Dark shales with a few nodular courses of indurated marl, with 

a few sandy bands here and there . . . . . 275 0 

Fine pale greenish sandstone, massive above, less so below . 45 0 

Fine pale greenish sandstone, massive above, more flaggy . . 50 0 

Blackish grey arenaceous shales ...... 255 0 

Pale greenish grey arenaceous shales, and greenish and yellowish 
grey sandstone in intercalated thick beds, fine grained, com¬ 
pact, and with carbonaceous marks and rippling . . . 180 0 

Massive argillaceous greenish sandstone, with an amylaseous 

fracture .......... 100 0 

Massive argillaceous greenish sandstone, with shales, thin 

bedded .......... 200 0 

Dark shales, with a few sandy beds ..... 200 0 

Dark shales, but the sandstone more thickly bedded, and less 

regularly dispersed, ripple marks in places .... 190 0 

Grey massive sandstone, thick bedded ..... 260 0 

Massive sandstones, thick bedded with occasional beds of shale . 500 0 


Grand Total 


Of this section Theobald states :— 


4,117 0 


‘ Beyond carbonaceous markings, I noticed no fossil whatever; many of the 
beds how’ever are badly seen, and the chief value of the section consists in show¬ 
ing the astonishing thickness of this early Tertiary group. It must, however, be 
remarked that in the total absence, from this lower portion of what I have desig¬ 
nated the Nummulitic group, of all fossil evidence as to its age, it is possible that 
some of the beds may be of a greater age, though this cannot with certainty be 
either affirmed or denied. 

At the point where the above section is taken, the Nummulitic group is wider 
than almost anywhere else, its width being thirteen miles ; 
opposite Myanaung the width is only ten miles, and at 
Henzada not more than two.’ 

Theobald is mistaken in the width of the outcrop at this point, 
as the Eocene strata are transposed five miles by folding and strike 
faulting on a N. N. W. axis, and a cross fault running east by north 
on the north side of Shwenattaung pagoda. 

The fossils from Theobald’s Ywathit locality were examined by 
Mr. Tipper 1 who found them to consist chiefly of fairly well-pre¬ 
served CarditCB and some poor gastropods (Tur- 
riteUa , etc.), the CarditCB being all of one 


Width of Eocene 
outcrop. 


Fauna : Ywathit. 


1 Etc. Giol. 8wrv. Ind. t VoL XXXV, p. 119, (1907). 
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species and ‘ easily recognised as identical with the well-known 
Cardita (Venerioardia) Beaumonti d* Arch, of Sind and Baluchistan \ 
a species of Upper Cretaceous age. 

The limestones which overlie these ‘ Cardita shales * are called 
by Theobald ‘ Halobia limestones * although at that particular point 
they do not contain Halobia. The locality 
Theobald’s Halobia from which Theobald’s Halobia specimens pur¬ 
port to come is one and a half miles south¬ 
west of Thabyegaing (19° 2'; 94° 57') some 20 miles further south. 
The correlation of these two limestones appears to me therefore to 
be weak, irrespective of the fact that there is a grave doubt 
whether the specimens identified as Halobia by Stolicska come from 
the locality cited at all. 

As I have already stated (pp. 194-195) the serpentines of Made 
chaung are overlain by what are ostensibly Eocene rocks composed 
of tuffs, conglomerates, ashes and grits and these if continuous 
along the strike for but four miles to the south-east must overlie 
the sole locality in which Theobald purported to find Triassic fossi- 
liferous strata. In the area under description therefore Cretaceous 
strata have been proved in the arc formed by the main range of 
the Arakan Yoma between the Hpa-aing serpentines and the Thayet- 
chaung ones. Just north of Hpa-aing Lower Eocene rocks were 
proved by the occurrence of Nummulites atacicus and Assilina 
granulosa whilst on Made chaung the first fossiliferous occurrences 
above Theobald’s purported Triassic one, are north-east of Gyobin, 
(19° 2' ; 94° 54') where foraminifera typical of the Upper Eocene 
occur. 
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CHAPTER VII.—DETAILED DESCRIPTION OF ROCKS: 

UPPER EOCENE STRATA OF MAIN RANGE. 

In the northern part of the area I have been able to divide the 
rocks of the Upper Eocene into the divisions recognised further 
north, namely, the Pondaung sandstone below and the Yaw shales 
above. 

The name Pondaung sandstone was first adopted by Dr. Cotter 
to designate the formation, mainly sandstone, lying between the 

„ . „ , Yaw shales above and the Tabyin clay below. 

Pondaung Sandstone. . ~ .. . i J t ,, 

According to Cotter, previous observers of the 

Yaw river section to the north, had correlated the rocks exposed 

with the basal beds of the Pegu system in North Minbu, owing to 

their lithological resemblance. Cotter, however, was able to prove 

that the Yaw shales overlying them were Upper Eocene and that 

in consequence the Pondaung sandstone must also fall into the 

Eocene. This view was confirmed by Pilgrim from the mammalian 

fauna, and later by Bion by mapping along the strike into the North 

Minbu district, when the Yaw shales were found to be continuous 

with the shaly series containing the Velates beds of North Minbu. 

To the north the Pondaungs form the Yeyotaung, Dudawtaung 
and Nwamadaung range; they are generally coarse, often current- 
bedded, sandstones with fossil wood and occasional bands of shale. 
The bands of shale become increasingly common towards the base 
and form a passage into the Tabyin clay scries. Where the 
Pondaung sandstones enter Sheet 84 L/7 they have lost some of their 
prominence and become subordinate as a topographical feature to 
the Shwezettaw sandstones which overlie the Yaw shales and form 
the basal series of the Pegu system (sensu lato). Whereas to the* 
north the Pondaung sandstones attain a thickness of 8,000 feet, 
at the north end of Sheet 84 L/7 they are only from 1,500-2,000 
feet thick and become thinner to the south. 

In the main range at the north-end of Sheet 84 L/7 they consist 
of alternating hard and soft fawn coloured sandstones more shalv 
towards the base and with occasional limy bands towards the top ; 
they have a constant dip to the east of about 40°. In their upper 
horizons a little silicified fossil wood occurs and towards the base 
isolated traces of fossils are followed immediately above the Tabyin 
clays, by a fossil band characterised by Ostrece , This occurs at the 
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top of the alternating sandstone and shale series which form the 
passage beds into the Tabyin clays of the Lower Eocene below. 
To the west of the main range in this area the Pondaung sand¬ 
stones occur in the Pazawbya syncline, the southern end of which 
terminates in the broken forest country round Pazawbya (20° 28J'; 
94° 18'). At the south-end of this syncline the passage beds at 
the base of the Pondaung sandstones are well seen in a cliff section 
about 200 feet high; they consist of sandy limestones, limy sand¬ 
stones and shales and are underlain by blue clays of the Lower 
Eocene which dip north-east, at low angles of from 15° to 20°. 

In its duplication east of Thayangaing (20° 29' ; 96° 16') the 
Pondaung sandstones maintain the same characteristics as exhi¬ 
bited in the main range ; they are marine at the base and a band 
of large Ostrwa occurs, the same band being found again about 
two and a half miles to the south in the nala which debouches 
into the Mon chaung north-east of Nyaungaing (20° 26' ; 94° 
16'). A little fossil-wood occurs in the more estuarine series seen 
towards the upper limit of the sequence. 

As will be seen from the map, faulting occurs in the Upper 
Eocene in this area, and besides the main strike faulting which 
duplicates the Upper Eocene of the main range in the Pazawbya 
basin to the west, minor faulting is also seen. 

The name Yaw Stage was given by Cotter 1 ‘ to the shale group 
which overlies the Pondaung sandstones in South Pakokku and 
which was first studied in the Yaw river 
Yaw Stage. section. Cotter estimated the thickness 

of the richly fossiliferous Yaw shales in the Yaw river section at 
from 1,600 to 2,000 feet and described them as a belt of soft blue 
shales, without much interbedded sandstones, which occupy long 
valleys or areas of low relief between the sandstones above and 
below. Cotter further stated that the lower boundary is sharp 
but that upwards the shales pass into alternating strata of shale 
and sandstone, and these into the more massive sandstones of the 
basal Pegu series. There was no evidence of unconformity between 
the Yaw shales and the basal Pegu rocks. 

A full account of the fauna of the Yaw Stage so far as it is known 
is given by Cotter in the same paper. 

In the vicinity of latitude 20° 30', the rocks of the Yaw Stage 
in the main range are very much obscured by soil cap, but, from 

i Mom. CM. Burt. Ini. VoL 72, p. 60, (1938), 
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the isolated exposures seen, they appear very like the typical de¬ 
velopment to the north, and consist of blue shales with occasional 
sandy bands and red and yellow laminated limy sandstones. Debris 
from them consist in the main of concretionary calcareous nodules. 
Thin lenticula# coal scams also occur and can be seen in the main 
nala north-west of Mile 26 on the Salin-Sidoktaya road. These coal 
seams have been reported on by Hallowes 1 . 

Westwards around Pazawbya (20° 28J' ; 94° 18'), the Yaw shales 
are well seen in their duplication in the syncline which is faulted 
against the main range. The series which in 
azaw ya . aw tage. ma i n ra nge must be about 800 feet thick 

are there much thinner (300'-400') ; they pass downwards through 
an alternating series of soft and shaly sandstones into the Pondaung 
and through a similar series upwards mto the Bhwezetaw sand¬ 
stones. 

In the nala immediately south of Pazawbya (20° 28' ; 94° 18'), 
bands of limestone with interbanded shales dip north at 15°. On 
the east side of the nala the dips suddenly change to 70° W. by N., 
whilst vertical and overfolded strata occur. The limestone bands 
are very fossiliferous and the following collection was made from 
the 8-foot band of limy fossil conglomerate which cuts across the 
nala 200 yards south of Pazawbya village. 

Velates orientalis. 

Velates schmicdcliana. 

Cardium Thelkegyincnsis. 

Cardium sub-fragile. 

Meretrix (CaUista) Yawensis. 

Corbula sub-exarata. 

Drdlia protointerrupta . 

Volutoconus sp. 

Natica sp. 

The Yaw shales swing to the north-west from Pazawbya and at 
latitude 20° 30', at the extreme north of Sheet 84 L/7, disappear, 
but their relative position is marked by a conglomeratic fossil band 
one and a half miles north-east of Thayangaing (20° 29' ; 94° 16') 
and about 400 feet below the summit of the Shwezetaw sandstone 
scarp. The fossil band is underlain by 50 feet of soft and then by 

* 1 Bee. Oeol. Surv. Ind., LI, pp. 34-49, (1921). 
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alternating hard and soft sandstones, and the following collection 
was made from it. 

Velates schmieddiana. 

Cardium Thetkegyinensis . 

Volutoconus binnanica . 

Cardium sub-fragile. 

Corbula sub-exarata. 

Ampullina sp. 

Solen sp. 

Tapes sp. 

Tdlina sp. 

Lucina sp. 

Mdongena sp. 

Cytherea sp. 

CeritJieum sp. 

Capulus sp. 

Cyprcea sp. 

Two and a half miles to the north, the Yaw Stage shales are 
again seen, and the stage is represented, about six miles further north 
around Kanbauk (20° 40' ; 94° 18'), by an alternating, but on the 
whole shaly sequence, about 2,500 feet thick, eoal seams occurring 
in the uppermost strata. This northerly alternating sequence is 
made up of three main bands of shale separated by two bands of 
sandstones, in which false-bedding and thin coal lenticles arc com¬ 
mon. 

South of latitude 20° 25', no attempt has been made to map 
the Yaw Stage as a separate unit, and it has been combined with 
the Pondaung stage as the Upper Eocene. 
^South of Latitude 2S° The whole of the scarp slope of the overlying 
Yaw and Pondaung Shwezetaw stage is steep, thickly forested and 
Stages mapped as Upper despite the steepness of the slope the soil cap 
is thick. 

To the south at Kyion (20° 22' ; 94° 20'), where the Mon chaung 
breaks through the Nwamadaung range, the Upper Eocene consists 
of hard dark fawn coloured sandstones, bluish 
Mon chaung sequence. w ^ en unweathered, the harder ones being ripple 

marked, and occasional thin bands of sandy limestones. Near the 
top of the series one mile south-weet of Kyion, the characteristic 
band of the Yaw stage containing Vdates schmieddiana occur®. 
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Unfortunately the other specimens extracted from the limy sand¬ 
stone containing them —Volutoconus sp., TurriteUa sp. and Natica 
sp .—were not specifically identifiable. Coal occurs towards the top 
of the sequence both north and south of the Mon chaung but only 
as lenticles. The thickest exposure seen—about three feet of coal 
or five feet including the impure shaly upper and lower portions— 
dips 36° E. by N., one and a quarter miles north-east of Kyion. 
The whole of the Upper Eocene sequence, hereabouts, cannot be 
more than 1,000 feet in thickness and is much less prominent, 
relative to the Shwezetaw sandstones, than at the north end of 
the sheet. 

One and a half miles east of Hpa-aing (20° 15'; 94° 20'), another 
coal outcrop was seen in the same relative position in the Upper 
Eocene sequence. Hereabouts, the sequence is 
Upper Eocene east of very badly exposed owing to the thick soil 
Hpa aing. cap, although a little east of the reserved 

forest boundary and east of the junction of the paths from Hpa-aing 
and Kyaunggon, a hard massive limestone band, crowded with 
Opercutiruv , is taken as marking the upper boundary of the Eocene. 
This horizon continues to the south-east and was noted by Cotter 
south-west of Kyauk-0 (20° 10'; 94° 31'). 

In Sheet 84 L/12 to the south the Upper Eocene rocks were 
examined, first by Dalton 1 and later by Cotter 2 . The latter 

described the fauna from collections made by 
Man haung sequence, himself and Sethu Rama Rau along the 

section exposed where the Man river, in a series of meanders, 
cuts through the Lower Pegu and Upper Eocene sequence of 
alternating massive sandstones and shales. The top of the Eocene 
is characterised by the Velates horizon or G. band of Cotter and 
the base by a strike fault which runs N. W.-S. E. through the village 
of Sabagyidan and duplicates a part of the sequence. From Saba- 
gyidan to the top of the Eocene the outcrop is one and a half 
miles thick and not less than 5,000 feet of strata are exposed in 
the main outcrop. The overlying Shwezetaw sandstone group consists 
of sandstones with intercalated grits, flagstones, and sandy lime¬ 
stones ; they are fossiliferous and are characterised by the zone fossil 
AmpuUina birmanica 3 . North-east of Peinhnebin (20° 5'; 94° 34') 

1 Quart. Joum. Oeol. Soc ., LXIV, p. 604, (1908). 

* Rec. ChoL 8urv. Ind ., XL1, p. 221, (1912). 

• Vredenburg: Rf* G*ol. Surv . Ind., LIU, pp. 859-369, (1921). 


G 
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a nummulitic limestone band has been taken as the upper 
horizon of the Eocene and occurs in shaly strata. Below this 
occurs an alternating sequence in which sandstones predominate 
over shales. The lithological assemblage is very similar, although 
alternations are more rapid and shaly, to that seen further north; 
the limy sandstones are fossiliferous but good specimens are most 
difficult to extract. In the slightly contorted shaly band dipping 
70° N. E. down which the nala south-east of Peinhnebin flows, 
a seam of impure coal, mixed with carbonaceous shale, three 
feet thick was noted about one mile south-east of the village, 
whilst where the same stream debouches into the Man chaung 

„ . „ three other small coal seams occur. Fifty 

Coal : Mon Chaung. , , ,, , . i 

yards to the east of the coal seams on 

the right bank of the Man river, oil seeps through the strata. 

These coal occurrences together with others which occur at 

about the same horizon in these upper Eocene strata south-west of 

Kyaukset, (20° 1'; 94° 37') six miles to the south-east, have been 

reported on by Hallowes 1 , who mentions their poor quality, lenti- 

cularity, and the general uneconomic nature of their occurrence. 

The upper limestone which has been taken as the top of the 
Eocene is a fairly constant horizon, and from the fossil conglome- 

Fauna of Uppormot* rate which occurs below h > Dr - Cotter2 , Co1 - 
Eocene: Man chaung lected the following specimens from the localities 

arca ’ noted to the south-east:— 


(A) One third of a mile N. by E. of Kyaukset 
Velates schmiedeliana Chem. 

Cardium ambiguum Sow. 

Conus literatus Linn. 

Conus sp. cf. substriateUus. II. Woodward. 
Corbula sub-exarata d’Arcli. 

Venus subovalis d’Arch 
Cyprcea elegans . Defr. 

Volutospina sykesi d’Arcb. 

Vobtta jugosa Sow. 

Fleurotoma sp. 

Vulsella sp. 

SUiquaria sp. 


1 Bee. Qtol. Burv. lnd. t LI, pp. 34-49, (1921). 
* Bee. Oeol. Burv. Ind. t XLI, p. 226, (1912), 
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(B) Mile 28*2 on the Minbu-Ngape Road. 

Cardium Ambiguum. 

Rimella cf. prestmchi d’Arch & Haime. 

Turritdla sp. cf. herberti d’A. & H. 

Corbula sub-exarata d’Arcli. 

Cassis sp. 

Conus sp. 

Triton sp. 

Tellina sp. 

From the nala half a mile south-east by east of Kyaukset, I 
collected the following :— 

Cardiumf thetkegyinensis . 

Cardiurn*subfragile. 

Tellina (Arcopagia) tazvvensis. 

Corbula sub-exarata. 

Velates sehmiedeliana . 

Voluioconua sp. 

Nummulites yawen»is. 

Pleurotomana sp. 

Of the area to the west of the main ranee near Sabagyidan 
(20° 4'; 94° 34') Cotter 1 says:-- 

“ At Sabagyidan village vertical and contorted beds are seen in the river sec¬ 
tion, and it is probable that a fault should be marked here. Whether there is a 
reduplication of the rocks exposed east of Sabagyidan 
Duplication of rocks or not, I am unable to say, but if this is not the case, 
by strike faulting. the immense thickness of the Eocene is a difficult matter 

to explain.” 

This surmise of Cotter’s I have shown to be correct, as imme¬ 
diately west of the site of Sabagyidan village (the village no longer 
exists), a small, shallow syncline, two and a half miles long, occurs 
on a N. W.-S. E. axis and is separated bv strike faulting from the 
normal sequence to the east. On the south side of the Man river, 
the trough of the syncline is occupied by thick, massive limestones 
in which foraminifera occur; on the north side, the limestones 
have either been denuded away or have never been present, but a 
conglomerate which underlies the limestones on the south side is 
seen also on the north bank of the chaung. It is fossiliferous and 
contains nummulites. This conglomerate dips due east at 30° under 
the pagoda immediately east of Thakutpin (20° 4'; 94° 33') village, 
swings round to the east, to the north-east of the village, and then 

i Bee. Oed. Surv. ind., Vol. XU, p. 227, (1912). 

o2 
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to the south-east, half a mile east by north of the same place. The 
dip increases along the strike until at the latter point it is at 80° 
south-west. A similar band is found almost vertical and striking 
N. W.-S. E., one furlong west of Hill 676, half a mile south by west 
of Myeni (20° 5'; 94° 33'). 

The conglomerate passes downwards into 50 to 100 feel of sand¬ 
stones and these are underlain by clays, characterised by calca¬ 
reous Unticles showing cone-in-cone structure. Upwards, 200 to 300 
feet of sandstones are found; but these sandstones are not very 
well seen owing to the thick soil cap on the north side of the Man 
and the talus slope of limestone detritus on the south side. Two 
miles north-east of Ngape a fossil band contains Area pondaunggensis 
(Cotter) and Nummulites yaw crisis (Cotter). 

The conglomerate is of Pondaung sandstone age (Cotter's ‘ I * 
band), and in the Sabagyidan limestone the foraminifera include 
Oligocene strata in Lepidocyclina eiephantina , Lepidocyclina sp., 
duplication west of main Heterostegina sp. and an unidentifiable echino- 
sequence. derm. This is the association found in the 

limestone of the Padaung clays to the east, and must be assigned 
to that horizon. The Upper Eocene and basal Pegu sequence there¬ 
fore as seen in the Sabagyidan syncline is not more than 500 feet 
from the base of the Pondaung to the limestone horizon of the 
Padaung clays, whilst to the east, the same sequence is represented 
by not less than 5,000 feet of alternating strata. 

No unconformity can be made out on the ground in the western 
duplicated sequence but overlap obviously does occur at this point 
although to the east the sequence appears quite conformable. 

To the south-east the Upper Eocene rocks were first examined 
by Dalton 1 who notes— 

‘ Some 4£ mile* north-west of Magyisan (19° 57'; 94° 42') near the village of 
Kyet-u-bok (19° 49'; 94° 40') in the chaung of that name, a bed of very shelly 
„ impure nummulitic limestone was found dipping 60° N. 

yet-u- o an . @o© ^ above this limestone for some distanoe 

having the same strike and dip, but containing no nummulites. There is no doubt 
that this limestone, hereabout 25 feet thick is identical with that described by 
Theobald as marking the top of the Eocene in Lower Burma. The fossils deter¬ 
mined from this bed were:— 

Nummulites Beaumonti (?) d* A, k H* 

Olycimeris sp. 

Thrada sp. 

Cardium ambiguum J. de C. Sow. 

i Q. J . O. S. p LXIV, p. 612, (1908). 
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Ficula Theobaldi Noet. 

Oliva sp. 

Descending in the series westwards, I met with two fossiliferous horizons ; 
one being a thin white limestone made up of small globular bodies of Hydrozoan 
affinities and of various foraminifera, including Operculina canalifera, d’Arch., 
half a mile north-west of Kyet-u-bok; and the other, at a lower point in the series 
in the Kyet-u-bok chaung, yielded a worn specimen of AmpuUina ponderosa , Desk. 
After striking the Minbu-Ngape road, north-west of the last named localities, 
blocks of arenaceous limestone were found full of AmpuUina grossa, Desh, var. 
oblonga.' 

Cotter 1 collected from the Kyet-u-bok band and obtained the 
following fauna :— 

Orthophragmina omphalus Fritsch. 

Nummulites beaumonti d’Aroh. 

Oypsina sp. 

Campanile sp. cf. giganteum, Lamark. 

Merelrix sp. cf. parisiensis Desh. 

Conus brevis Sow. 

AmpuUina sp. cf. sindiensis Coss & Piss. 

Cardiurn ambiguum Sow. 

Ficula sp. 

Stamp 2 describes this exposure of limestone at Kyet-u-bok in 
the following words : -- 

“ This bed which the writer regards as the base of the Pegu System, i? a well- 
marked calcareous band conglomeratic in places with small quartz pebbles. It 
is characterised by four species of foraminifera, always present, but in very vari¬ 
able proportions. They are Nummulites yawensis Cotter (formerly described as 
Nummulites cf. beaumonti and N. beaumonti) Orthophragmina omphalus Fntsch, 
Operculina cf. canalifera d’Arch., and Oypsina globulus Reuss. The associated 
mollusca include species common to the underlying Yaw Stage, notably Velates 
Orientals. Whilst the species of foraminifera mentioned occur in enormous num¬ 
bers in the bed itself they do not appear to range higher. It will be noticed that 
at least two of the foramirufera are Eocene forms. Taking a narrow palaeontolo¬ 
gical view, one w r ould bo tempted to regard the Kyot-u-bok bed as Eocene, ft 
is, however, distinctly a basal bed stratigraphically and its characteristics agree 
very closely with other typical basal beds. As a general rule one may say that 
the fauna of a basal bed of a formation comprises— 

(а) Survivors from the preceding stage which occur in enormous numbers 

before their final extinction. Their number is frequently increased 
by the presence of numerous rolled specimens. 

(б) Fore-runners of the succeeding faunas. It is the presence of these new 

elements in the fauna which should really decide its age ” 

Stamp’s view of the basal Pegu age of the Kyet-u-bok bed has 
not been accepted by Burma geologists. The upper band occurs 


1 Bee. Geol. Surv . Ind., XLI, p. 220, (1912). 
* Oeol. Mag LIX, p. 494, (1922). 
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in the stream bed east of the position shown for the deserted village 
of Kyefc-u-bok on the old V=l mile map, Sheet 113. It consists 
of from 20—30 feet of foraminiferal limestone dipping 40° E. 25° 
N.; the foraminifera are all close packed and there is not the slightest 
evidence of transportation of any of the specimens. From my 
own experience I know that one of the species,—of which perfect 
specimens occur profusely in the band, viz., Orthophragmina 
omphalus , Fritsch—breaks up practically in situ and all that remains 
after a very short transportation are the raised central portions, 
and flakes of the outer rim. Above this limestone are unfossiliferous 
shales whilst shaly strata underlie it, giving place south-west of the 
Kyet-u-bok location to fossiliferous sandy strata. 

The Upper Eocene sequence can be generalised, hereabouts, 
in descending order as follows :— 

Shales (containing foraminiferal limestone 
bands). 

Generalised Upper Sandstones (fossiliferous). 

Eocene sequence : Kyet- Gl , . ) . . ' , , , . 

u-bok. fell ales (containing sandy bands and coal 

seams). 

Massive sandstones. 

In the massive sandstones at the base of the series occur Ampul- 
lina grossa Desh. and Alectryonia Newtoni (Dalton). 

Just over a mile west by south of Kyet-u-bok the massive sand¬ 
stones containing Ampullina grossa and Alectryonia newtoni are 
underlain by foraminiferal limestone and the latter by more shelly 
limestone. A good section is seen on the watershed on the road 
from Kyet-u-bok to Yinshe where the series dips 45° E. 30° N. It 
consists of about 150 feet of shelly sandstone at the top underlain 
by 50 feet of foraminiferal limestone and the latter by 200 feet 
of shelly limestone. Sometimes included in this fossiliferous band 
which occurs intermittently along the scarp to the S. S. E. are 
specimens of Velates sp., Conus sp., TurriteUa sp. together with 
foraminifera. One and a half miles S. S. W. of Kyet-u-bok the 
following were collected :— 

Ampullina sp. cf. grossa Desh; Ostrea papyraceus, Alectryonia 
Newtoni, whilst from one and a quarter miles south-west of Tabingyo 
(19° 55'; 94° 42') came the following:— 

Velates sp. 

Lithoconus sp. 
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Pecten sp. 

TurriteUa sp. 

Nummulites cf. laevigata. 
Nummulites cf. obesa. 
Nummulites Cotteri. 
Natica sp. 

Ostrea fragments. 


West of Magyisan, I failed to pick up the Kyet-u-bok limestone 
band in situ although a band containing fragmentary fossils did 
Mag isati occur at about the same horizon and pieces 

of foraminiferal limestone were found in the 
stream bed. To the south, however, at Tabingyo, immediately east 
of the village location (this village also no longer exists), a forami¬ 
niferal band containing THscocydinw and other fragmentary fossils 
dips E. 20° N. at 47°. Underlying it are blue shales with inter- 
banded limestone conglomerates. The nodules 
Uppermost Eocene : j[ n the conglomerates are concretionary and fer- 
rugmous. They lie in a matrix of blue shale 
in which minute 1 fossil fragments occur. I failed to find a locality 
where good fossil specimens could be extracted from this band. 

West of the main range in this vicinity, there is a duplication 
of these upper Eocene strata in the Yinshe-Manaung basin which 

Duplication of Upper | ies four miles S - S E - of that of Sabagyidan. It 
Eocene by strike fault- is characterised by a duplication of the Kyct- 
u-bok—Tabingyo limestone band, which is 

found to the west; and the fauna of the band, a mixture of the 
species found in the * G ’ band of Cotter and the Kyet-u-bok band, 
confirms Dr. Cotter’s correlation of the ‘ G ’ band with that of 
Kyet-u-bok. The following composite fauna was obtained from 
it:— 


Cardium thetkegyinensis , Cotter. 

Cardium sub-fragile, Bottger. 

Orthophragmina omphalus, Fritsch. 

Nummulites obesa. 

Nummulites yawensis. 

Operculina cf. canalifera, d’Arch. 

TeUina ( Arcopagia) tazuvensis, Cotter. 

Athleta (Volutospina) annandalei, Yred. 
Discocydina papyracea , Boub, var. javana Verb. 
Qosavia humberti d’Arch & Haime. 
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Corbula sp. 

Chlamy8 sp. 

Triton sp. 

Charm sp. 

Natica sp. 

Orthophragmina sp. cf. umbilicata, Deprat. 

Volutoconus birmanica. 

Conus sp. 

TurriteUa sp. 

Orthophragmina sp. 

Ficula sp. 

This basin is also separated from the main sequence to the east 
by strike faulting, in this area demarcated by a fault valley. 

The fossiliferous limestone band is overlain by bluish to fawn, 
fine-grained sandstones, which fie almost horizontal in the centre 
of the basin. It is underlain by sandstones, 
Yinshe-Manaung basin. g enera py fine-grained and of a fawn colour, 

reinforced by harder gritty and shelly bands, which dip into the 
basin from the west and south at from 25° to 30°. 

To the north of the main basin, outliers of the limestone band 
lie horizontal, capping the high ground one and one and a half miles 

Foramlnlferal lime- respectively to the north-east of Padan 
stones north of the main (19° 58' ; 94° 36'). These limestone bands are very 
bMin - ferruginous in places and very similar to the 

same bands west of Manaung (19° 54' ; 94° 39'). Although they 
lie generally horizontal, dips do occur in them and evidently there 
has been a certain amount of local faulting. South-east of Hill 
705 a western dip of 30° was registered, but to the east of this, 
easterly dips prevail. To the south along the eastern flank of the 
basin the soil cap is all very thick although fragments of foraminiferal 
limestone occur in it. 

South-east of Manaung the foraminiferal limestones disappear in 
the thick soil cap and appear to be underlain just over a mile 
south-east by east of the village by contorted shales; in these blue 
shales further east, calcite showing cone-in-cone structure occurs. 

West of Manaung the foraminiferal horizon is from 20-30 feet 
thick and consists of three bands separated by fossiliferous sand¬ 
stone and shale. 

To' the west on the eastern slopes of the Pyaunggaung valley 
black cotton soil obscures the geology. On the west side of the 



DESCBIPTION OF BOCKS. ‘ UPPEB EOCENE.' 


215 


Pyaunggaung, sandstones and conglomerates dip east at varying 
angles. Two and a half miles south by east of Kanbauk 
(19° 53'; 94° 37') in the stream east of Zindaw village (19° 52'; 94° 38') 
a thin seam of impure coal and carbonaceous shale dips 15° E. 
10° N. in blue shaly sandstone, but owing to the thick soil cap the 
relations of these rocks cannot be determined. 

From Manaung on the Kanni road (19° 51' ; 94° 39') after 
crossing the foraminiferal limestones, dips, where seen, are discordant 
and the rocks consist of fawn sandstones, blue shaly strata and 
occasional shelly sandstones. 

From Tabingyo south-westwards, the shales underlying the Eocene- 
Pegu boundary foraminiferal band are succeeding by an alternating 
Sequence in main ser ^ es °f sandstones and shales on the same 
range south of Tab- N. 15° W. strike in which a little fossil wood 
in * y0, is present. A shelly coal conglomerate occurs 

as lenticles in shales 250 yards south-west of Tabingyo and 
contains Ostrea fragments ; limy bands also occur in the alternating 
series. 

To the south-south-east, the Kyet-u-bok—Tabingyo band occurs 
as a ferruginous foraminiferal conglomerate in the nala one and a 
quarter miles due west of Myegya and is about 
se^enceT Myeg^ CCne ^ ve ^ict. I n other limy bands which occur 
above it 1 noticed no foraminifera, but lower 
in the sequence about 300 yards to the west, was another band 18" 
thick containing foraminifera and corals. In the southernmost 
tributary of the same stream on the same line of strike, a limy 
conglomerate containing foraminifera and broken shell fragments dips 
E. 25° N. at 30° and is underlain by shaly strata in which a 
similar band occurs about 80 feet lower in the sequence. These 
limestone conglomerates are overlain by soft bluish sandstones, 
sometimes shaly and sometimes limy and hard. 

In the same nala one and a quarter miles W. S. W. of Myegya 
(19° 53' ; 94° 44) a fragmentary fossil band occurs in massive 
sandstones, whilst a little further to the west, occur ferruginous and 
fossil conglomerates underlain by a quartz conglomerate. Following 
this are blue shales passing into soft sandstones to the Thonmyezon 
(19° 53' ; 94° 43')—Kandok Road (19° 50'; 94° 43'). From here to 
the west an alternating series of sandstones and shales weathering 
into scarp and dip slopes occurs. 
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Practically the same series is seen further south on the Myegya- 
Kandok Road. Two and a half miles south by west of Myegya 
the uppermost Eocene horizon occurs as a 
KandolTRoftd Myegyft ’ foraminiferal limestone band six feet thick and 
dips N. E. by E. at 34°. It contains 

Orthophragmina (Discocydina) omphalus, Fritsch. 

Orthophragmina (Discocydina) sdla. 


Operctdina canalifera. 

Nummulites yawensis . 

Ostrea sp. 

This band is overlain by shales and forms a marked dip slope to 
the north where But chaung meanders along its eastern flank. 

About half a mile to the west of this band the shelly and quartz 
conglomerates, noted in the chaung further north, are encountered, 
whilst further west towards Kandok fawn coloured sandstones dip 
N. E. by E. at 21°, and have limy fragmentary fossil bands towards 
their base. 


To the south from the Myegya-Kandok road the upper foramini¬ 
feral limestone band of the Eocene can be followed in a S. 25° E. 

Fault north of Nga- direction for about 600 yards before it becomes 
myln-U (19° 49'; 94° lost in the soil cap. A cross fault then appears 
45 to displace it to the east as it is next seen 

as a thin band 8" thick in the nala one and a quarter miles N. W. by 
N. of Ngamyin-U (19° 49'; 94° 45') and again in the nala immediately 
east of the same village where the following forms were collected :— 


Orthophragmina (Discocydina) sella. 

Gypsina globulus . 

Operctdina cf. canalifera. 

Nummulites sp. 

One and a half miles south-east of Ngamyin-U the same fauna 
occurs in a thin (2") band in shales which underlie sandstones con¬ 
taining Volutoconus sp., Lucina sp., Cytherea sp., Cardium sp. and 
Cardita sp., and again one mile north-west of Thabyemyaung where 
Orthophragmina (Discocydina) omphalus also occurs. An alternating 
sandstone and shale series from 6,000-7,000'feet thick underlies this 
boundary band and dips north-east at about 30° ; the base of this 
series consists of softish sandstones and forms the Kandok—Tonaing 
(19° 46'; 94° 45') ridge. 



DESCRIPTION OF ROCKS. * UPPER EOCENE." 


217 


Dalton : 
Myothit Road 


Minhla- 


Further south where the Minhla-Myothit (19° 45'; 94° 40') road 
crosses the Upper Eocene rocks, folding and crushing has made 
the stratigraphies 1 relations more complicated. Of this area Dalton 1 
notes— 

* The easterly dips continue for some three miles west of Thabyemyaung 
(19° 47'; 94° 48') and then, after an increase in angle through 35° and 60° to 69°, 
the bods turn over to south-west at angles of 09° and 
more, the rest of this anticline being marked by hot springs 
and mud volcanoes. 

From near the crest in this locality an impure ferruginous limestone was ob¬ 
tained full of sholls of Turriiella up. 3.’ 

Rao Bahadur Sethu Rama Rau who visited this area during 
the 1909-10 field season failed to find the anticlinal structure men¬ 
tioned by Dalton. An anticline does, however, occur although it 
is very faulted and in the vicinity of the mud volcanoes of Yegubwet 
(19° 46' ; 94° 47') (Plate 15 and figure 2) the western limb has 

N 

i A. Gas pool 3$ yards In diameter. 

• F. B. Crater 10 feet high—diameter of lip 5 feet 

Flows down the south-east flank. A Mr 
/ bubble forms and bursts at Irregular 

intervals—5, 1U, 15, 17, 32 seconds. 

0. Elliptical pas pool 8 feet by 5 feet. Gas 
bubbles continuously from the south 
end. 

D. Crater 18 Inches high non-active at time o 
visit. 

E. Two small non-active cones. 

G. Non-active cone growing out of B. 




0 

l- 


4 

—i 


Scale of yards. 

Fig. 2.—Plan of mud volcanoes and gaa pool*, Yegubwet. 
1 Ibid, p. 011. 
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been cut out by this faulting. South-eastwards along the range 
the structure is more clearly seen and further mud-volcanoes and 
gaspools (figure 3) enable one to delineate the line of faulting. 

One mile south by west of Thabyemyaung, massive false-bedded 
sandstones with occasional alternating sandstones and shales dip 
north-east at 36°. Along the nala to the 
Thabyemytung . oa. gou ^ steepen quickly to 65° into 

predominantly shaly strata containing carbonaceous bands and thinly 
bedded coal shales, resin occurring in association with the coal. 
At the base of these shales there is a band of OstrecB from 18 inches 
to two feet thick ; in the stream bed the cementing sand has weather¬ 
ed away and hundreds of good specimens can be picked up. This 
shaly series characterised by oysters is underlain by massive sand¬ 
stones in which Ostrece also occur and which form the summit of 
the range ; from the summit a magnificent view is obtained of the 
main Yoma chain to the west. 


When working in this area Mr. Sethu Rama Rau regarded the 
foraminiferal limestone band at the top of the Eocene as of Oligo- 
cene age as he recognised only Operculina in it whilst Vredenburg 
had identified the Ostrece which he had collected from below this 
band as Ostrece longirostris, Lamarck an Oligocenc form. There is 
however no doubt of the Eocene age of the upper horizon. From a 
fossil band below the limestone Mr. Rau collected :— 

Triton sp. 

Ampullina grossa. 

Ludna sp. cf. Pagarm. 

Pyrula sp. 

On the Myothit-Minhla P. W. D. road west of Thabyemyaung 
only the sandstones of the series are seen. The dips in these are 
steep one and a third miles W. S. W. of the village and from there 
onwards to the west for another mile, but after that, the normal dip 
and strike seen further north is resumed. 

Two miles south-west of Thabyemyaung in the vicinity of the 
mud volcanoes and gas pools massive blue false-bedded sandstones 
with very discordant dips occur. Although 
gubwet VolC,n#el! Y *” fasting has taken place and becomes obvious 
further to the south, it is not perceptible on the 
ground. The mud volcanoes and gas pools bring up blue mud 
similar to those of Minbu and there is a strong petroliferous smell 
over the whole area. 
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Thonmyezon area. 


South-east by south of Thabyemyaung only debris of the charac¬ 
teristic upper band of the Eocene was found ; east of Thonmyezon 
(19° 45' ; 94° 49') occur a series of carbonace¬ 
ous shales reinforced by sandstones and with 
thinly bedded coal seams : they dip E. 30° N. at 45° and are over- 
lain by massive sandstones which form a ridge at the base of the 
Pegu series ; towards the base of these massive sandstones occurs 
a very characteristic' ferruginous fine-grained grit containing com¬ 
minuted shell fragments and small corals. The same band was 
seen to the north-west near Kyaukpon (19° 50'; 94° 46') where it 
was over three feet thick and very persistent. 


Faulting has taken place in the series and east of Thonmyezon 
a small thrust was noted. About five furlongs S. E. by E. of Thon¬ 
myezon, a thin band of foraminiferal limestone occurs on the Thon¬ 
myezon-Gwegy aw (19° 44'; 94° 52') track, and in the neighbouring 
nala at approximately the same horizon in a hard shelly limestone 
Volutocomis sp. and Corbula sp. were noted. The series dips north¬ 
east at 35°. 

Eocene boundary bands were picked up again on Kyangan 
chaung one and a half miles south-east by south of Gwegyaw, where 

Eocene foraminiferal 11 lo ' ver OJ,( ‘ contains Gypsina globulus, AW 
bands : Kyangan itadites y awe n sis, Operculina sp. and Orthophrag- 

chaung. ?nina (Discocyclina) sella. It is only about 8" 

thick and is overlain by massive sandstones. About 50 feet from the 
base of these massive sandstones is another Eocene foraminiferal 
band containing the same assemblage ; it passes upwards into a 
shaly intercalation of the sandstone series. These sandstones which 
probably correspond to the Shwezetaws of the Man chaung area 
form a pronounced ridge on a N. 30°-35° W. strike; hard sand¬ 
stones pass up into softer blue and brown banded ones which are 
inclined to be shaly, and these eastwards into alternating sandstones 
and shales. The series is however predominantly sandy. 

Below the foraminiferal limestones the Upper Eocene sequence 
is shaly ; contortion in these shales is common as also are carbona¬ 
ceous patches; faulting also occurs. The shales are underlain by 
soft sandstones which dip north-east at 60° and the latter by another 
shaly band in which oysters, similar to those found west of Thabye¬ 
myaung further north, are common. Massive sandstones form the 
summit of the range. 
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Three miles to the south-west, folded shaly strata make up the 
summit of the range; in this series dips are very discordant and 
vary from low to steep angles W.S.W. and 
of K*nyw« ,1t8trataWC,t E.N.E. They are overlain two and a quarter 
* miles W.S.W. of Kanywa (19° 42'; 94° 55') 

by sandstones containing— 

Cardium thetkegyinensis. 

Ampullina sp. 

Corbula sp. 

Ostrea sp. 

Tettina sp. 

Pinna sp. 

Corals. 

Some three hundred yards along the scarp below the base of these 
fossiliferous sandstones is a conglomerate containing siliceous pebbles 
which dips E. 35° N. at 63°. Overlying it are sandstones which 
pass upwards into shales with carboncaeous patches and fawn- 
coloured sandstones. On the road one and a half miles W.S.W. of 
Kanywa a ferruginous band was met containing nummulites and 
operculum, and a similar band a few hundred yards to the E. S. E. 
These last occurrences are not on the line of strike of the 
uppermost Eocene horizon mapped further north ; perhaps strike 
faulting oi small cross faults have been responsible for the 
transposition. Faulting has certainly occurred. 

To the south by east, discordant dips on a N. N. W. strike are 
found in the fawn sandstones exposed two and three quarter miles 

Broken anticline ol west-south-west of Singaing (19° 40'; 94 c 57'), 
main range west of whilst further west the rocks forming the summit 
of the range dip W. 8. W. at from 30°-40°. 
In the stream bed to the north of Pt. 1002 contorted carbonaceous 
blue shales occur on a N. 20°-30°W. strike; these shales are 
reinforced by sandstones which are occasionally strongly ripple- 
marked ; seven furlongs south by west of Pt. 1210 a vertical Ostrea 
band was seen striking N. 30" W. across the nala. This contorted 
series occurs for over a mile eastwards down-stream and is 
followed by blue shales dipping north-east. No distinctive Upper 

Eocene fossil band was found in this section but further to the south 
about half a mile south-south-west of Kyauktaga (19° 36'; 94° 56'), 
OpercuUna, Nummulites and Voluloconus occur at the top of 
the more westerly of two massive sandstone bands. 
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Massive sandstones, bluish when fresh, form the ridges a mile 
west by south of Talokyin (19° 34£'; 94° 57') and are separated 
by a ghaly series reinforced by vertical sand- 
we»t > of Tt^okyln. stones on a N.—S. strike. Below these are a 

series of sandy shales in which thin shaly coal 
seams all very badly crushed occur. This coal is underlain in one 
place by ripple-marked sandstones dipping 85° E. 5° N.; the ripple- 
marks face west so that overfolding must have occurred. The 
reinforced shale series continues up to the summit of the Tange in 
this section. To the south-east, Eocene foraminifera occur in the 
massive ferruginous sandstones which dip north-east at 50° on the 
‘ col ’ over which the track from Talokyin climbs on the way to 
Tiyo (19° 32'; 94° 57'). Westwards between here and Kywegan 
(19° 33'; 94° 55') an alternating series of rocks in which sandstones 
predominate are found ; on the east of the watershed the rocks 
generally dip cast, and on the west side, west ; strike faulting appears 
to have taken place along the axis of the anticline into which the 
range is folded. 

West of the Paungganaing (19^ 29' ; 94° 57')-Pungyi (19° 27' ; 
94° 57J') \ alley to the south, Eocene foraminiferal limestone is found 
occurring in the higher parts of the ridge and 
K«n«InK* e * f ° f PaunR * the face of its eastern slope, the rock dipping 
at a high angle east-north-east ; to the north 
by east, one and a <]Uarter miles north-west of Paungganaing, this 
band dips 30° south-east and is only 18" thick. The limestone 
occurs intermittently, capping the ridge to the south-east, until the 
ridge terminates in confused hilly ground three miles north by west 
of Kyaukkyi (19° 20' ; 94 n 59'). Two miles north bv west of 

the latter place, a similar limestone is found dipping M>uth at the 
village of Konkyaukkyi (19° 22' ; 94° 59'), but from this latter 
place it swings to the north-west and forms a conspicuous ridge for 
over two miles increasing in thickness from eight feet, where seen 
on Kyaukkyi chaung , to 50 feet on Kyauk chaung. 


The core of the anticline so formed consists of very much broken 
and faulted sandstone and shaly strata; the latter predominates 
Southerly pitch of 0D ^anks an( * 18 characterised by thin 

Eocene anticline north seams of coal and carbonaceous shales. The 

of Kyaukkyi. general strike of the anticline is N.WVS.E. 

changing to hJ.-S. towards the north. The dips of the rocks, in 
genera], correspond with this strike, but, as will K* seen from the 
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map, vary very considerably in angle. This is, of course, due to 
the considerable amount of faulting that has taken place. At 
the south-eastern end of the range where the Eocene rocks pitch 
out, dips to the south-east and south are common, and east by 
north of Konkaukkyi a thin band of foraminiferal limestone dips 
60° S. by E. and is overlain by soft sandstones. Eastwards from 
here shaly strata grading into sandstones and weathering spheroid- 
ally are seen along the path to Didubin (19° 23'; 95° O') and also 
to the south of the latter village. 

West of this main range occurs a syncline and on the flanks in 
the hollow of this syncline further Eocene limestones are exposed. 

Above these limestones at Mibauk (19° 27' ; 

mataEocene ranged °‘ 94 ° 53 '>- north of Gwcdauk < 19 ° 29 ' J 94 ° 54 ')> 

and further north in the Shandat forest re¬ 
serve are a series of unfossiliferous strata which I have regarded 
as forming the base of the Pegu System. Faulting is very common 
in these boundary rocks; the foraminiferal limestones are very 
intermittent in character; the forest and soil cap are thick and 
communications poor. Moreover, the limestones are very incon¬ 
sistent in their occurrence, and in some places, although the summit 
of the ridge is made up of foraminiferal limestone, its bedding planes 
arc found to strike at an angle with the direction of the ridge. 
Normal faulting also occurs in the hollow of the synclines and there 
is a general sameness of both basal Pegu and Upper Eocene strata. 
The Eocene boundary has therefore been interpolated to include 
only strata in which Eocene foraminifera occur. 

The following sequence was obtained in the Sibon chaung near 
Mibauk in descending order :— 

(1) Fawn sandstones. 

Mibauk fyncHne. (2) Bluish sandy shales. 

(3) Massive bluish foraminiferal sandstones 

fawn on weathering. 

(4) Alternating Bandstones, shales and Eocene 

foraminiferal strata. 

These divisions could be recognised in a general way in the 
synclines to the north; the top two divisions do not contain Eocene 
foraminifera and have been regarded as of Pegu age. 
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CHAPTER VIII.—DETAILED DESCRIPTION OF ROCKS: 
UPPER EOCENE STRATA WEST OF THE MAIN RANGE 
AND SOUTH OF LATITUDE 19° 45'. 


Myothit area. 


East of Myothit (19° 45'; 94° 40') the main range consists of 
soft fawn sandstones with dips which become discordant in a westerly 
direction, and it is very probable that a fan It 
occurs hereabouts en echelon with that along 
which the mud volcanoes and gas pools occur to the south-east. 
A shaly series underlies this sandy one giving rise to massive fine¬ 
grained greenish sandstones forming the scarp slope which 
runs N. 30° W. from immediately east of Pyindaung village 
(19° 46' ; 94° 43'). West of this scarp the dips become very 
discordant again, and a fault probably occurs running parallel to 

and immediately west of the scarp. Along the Myothit-Minhla 

road to the west, the strata then dip S. 30° W., and in Kadok chaunp, 
just south of the road, occur as an alternating series of efflorescent 
sandstones and shales, the sandstones having shaly partings. 

At Zaigyi (19° 44' ; 94° 41'), one and a half miles south of 

Myothit on Pani chaung , there is a small exposure of coal in a 

Coal Zai 1 series dipping E. 25° N. at 20° in a further 

area of discordant dips. A band of lignitic 
sandstones two feet thick containing chunks of coal up to 18' in 
diameter, are overlain by sandstones, the junction being irregular; 
they are underlain by five feet of carbonaceous shales, at the 

upper surface of which are stringers of coal eight inches thick and 
up to two yards long. 

The coal is apparently drift material, as the highly carbonaceous 
sandstones above, though coarse, are homogeneous. Economically 
the coal is useless. 

East of Yengan (19° 44' ; 94° 45'), in the syncline which runs 
S. S. E. through the heart of the Shandat forest reserve, pale greenish, 
soft, efflorescent sandstones, with occasional 
Shandat Reserved bands, weather spheroidally and lie either 

a ©fC8l* # | | * _ - 

horizontal, or dip at low angles to the north¬ 
east or north-west. Thin Eocene foraminiferal bands bound these 
sandstones on the east and west; that on the west, just over a 
quarter of a mile east of the village, dips north-east and that on the 
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east, which occurs near the fault which flanks the syncline, strikes 
N. 10° W. and is vertical. South of Yengan, soft greenish 
efflorescent sandstones are found west of Ngahlaing (19° 42'; 94° 47') 
anfl at Sangyi (19° 41'; 94° 47') dipping E. N. E. at low angles, 
they are underlain by more heterogeneous sandstones, some of which 
are gritty and calcareous. In all these sandstones, Eocene lime¬ 
stones containing Discocydinae and nummulites are developed ; they 
cap the hill of Tun-taung (19° 43'; 94° 41') (Pt. 1009) and, 
further to the west, the Pt. 997 ridge. In this latter ridge the 
limestone forms a continuous exposure about one mile long and 
contains Orthophragmina (Discocyclina) Javana, Orthophragmina 
(Discocydina) omphalus and Orthophragmina (Discocydtna) sp. Many 
small exposures of limestone also occur; immediately north of 
Sangyi village two bands of foraminiferal limestone dip E. 20° N. 
at 27° and a 40 feet water fall is formed by a hard fossiliferous 
band containing nummulites underlain by soft fine-grained fawn 
sandstones. 

Three and a half miles E. N. E. of Sangyi is an occurrence of 
gas pools and mineral springs arranged in the manner shown in 
Figure 3. This occurrence, combined with 

” ’ M poo8 ‘ that of Yegubwet to the north, and the steep 

discordant dips of the strata, give the line of faulting on this eastern 
dank of the svncline. Eocene limestones and sandstones are found 
to the west of the fault practically as far as the stream junction 
three miles E. N. E. of Sangyi. The intervening country to Sangyi 
is composed of soft greenish efflorescent horizontal sandstones through 
which the streams have cut down in a series of meanders; cliff 
sections occur in the concavities of their innumerable bends. Away 
from the streams, the soil cap is vtry thick and little can be made 
of the geology between Sangyi and Shandatkyi (19° 37'; 94° 45') 
to the south by west. 

South-west of Shandatkyi the country is undulating, very 
dissected, and has a very thick soil cap. The Pani chaung valley at 
Shandatk i Taungdaw (19° 35' ; 94° 43') is weathered out 

of homogeneous sandy shales and fine-grained 
sandstones which are overlain half a mile north-west of Taungdaw 
by massive sandstones forming the 981 ridge. Two miles north¬ 
east of- Taungdaw, a conglomerate containing Ostreae dips E. N. E. 

Four miles south by east of Shandatkyi, the Pani chaung breaks 
eastwards through alternating soft sandstones and reinforced shales 
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A. Oas pool-diameter, 4 yards, 
fi. Gas pool-diameter, 4 feet. 

C. Four low craters, only one of which Is active* 

The tv o main ones strike at 83° and are 6 
feet apart 

D. Gas pool 1} feet in diameter. 

E. Hummocky blue mud ground, probally 

active occasionally. 

F. Small very r active crater only 6 inches high. 

G. JKon-active crater. 
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i'4Q* 3, Plan of gas pools and mud volcanoes, half a mile south of Pt. 1485 (10° 42: 

94 * 470 . 
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which dip east by north at angles of from 20°-30°. In some of 
the fine-grained rocks of this series half a mile north of Pt. 788, 
there is a spring which smells strongly of hydrogen sulphide. 

Ostreae , similar to those seen west of Thabyemyaung, characterise 
these alternating strata from Auklege (19° 33' ; 94° 49') to half a 
mile west of Gyogyagon (19° 34'; 94° 50'), where massive fine¬ 
grained sandstones form the centre of the syncline. 

Immediately west by north of Kangyaw (19° 36'; 94° 60') in 
the Taung-wun chaung a band containing Orthophragmina (Discocy- 
clina) omphalus, Orthophragmina (Discocyclina ) sp., nummulites and 
fragmentary molluscs was noted. 

Compact sandstones alternate with softer ones with shaly partings 
for about two miles east by north from Kangyaw, until an Eocene 
limestone is encountered. Soil cap then ob¬ 
scures the geology to immediately west of 

Nyaungbintha (19° 37'; 94° 53') where sandstones dip W. S. W. 
at 24°. East of Nyaungbintha, high discordant dips occur in an 
alternating sequence of shales and sandy rocks, the latter occasionally 
flaggy and rather similar to those occurring further east on the 
eastern flank of the range. 

South-south-eastwards from Gyogyagon down the Pani chaung , 
the strata are all fairly horizontal, and consist of fine-grained 
sandstones as far as Yathaya (19° 33'; 94° 52'), 
of^^yHonf S ° Uth w h ere > immediately south of the village, 

an Eocene foraminiferal limestone six to eight 
feet thick dips south at a very low angle across the river. 
Overlying this band are 60 feet of horizontal fine-grained shaly 
sandstones, in which harder foraminiferal lenses weather out. These 

sandstones form the cliffs at the bend half a mile south by east 

of Yathaya and are found along the stream to the south to one 
mile north-west of Taungyan (19° 31'; 94° 52'), where a harder 
series overlies them and dips south by west at 8°. 

West of this reach of the river, soft fawn sandstones, with occa¬ 
sional sandy shales, harder nodular limy bands, and foraminiferal 
limestones, dip eastwards at angles which increase to 60° as one 
approaches the Nabedaung (19° 32'; 94° 49') ridge to the west. 
Contemporaneous conglomerates included in the series contain fora- 
minifera in the matrix, and the whole form a series of scarp and 
dip slopes culminating in the steep scarp of the main ridge. 
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Five furlongs north-west of Taungyan, where Sad win chaung 
joins the main stream an algal foraminiferal limestone band 12 feet 

UmeHone band : tllick ^P 8 S - E * » it; “ twice repeated by 
Sadwin-Pani chaung small faults on an E. 40° N. strike. This 
c on * band contains the following fauna :— 

Operculina canalifera. 

Orthophragmina (Discocydina) omphalus . 

Nummulites yawensis. 

Discocydina sp. 

Schizaster sp. 

Bluish fine-grained shaly sandstones, with occasional foraminiferal 
lenticles similar to those seen in the main stream further north, 
are found to the eastwards to Kywegyan (19° 33'; 94° 55'), and 
also form the hill of Trigonometrical Pt. 693, immediately north 
of Taungyan, which is capped by sandstones weathering in columns. 

South down Pani chaung to Gwedauk (19° 29' ; 94° 52'), similar 
fine-grained sandstones, occasionally grading into shales, give good 

Gwedauk s cllne sections. Dips are low, except at the 

termination of the eastern reach one and three 
quarter miles S. E. by E. of Taungyan, where the rocks dip fairly con¬ 
stantly at about 40° S. W. and W. S. W. ; foraminifera occur 
sporadically in them. 

South from Gwedauk, soft fine-grained sandstones with harder 
lenticles and, occasionally, banded calcareous strata, shales and thin 
bands of Eocene foraminifera, dip at low angles, and are intersected 
by transverse faults. One mile north by east of Mibauk, a small 
anticline striking N. 35° W. is overlain to the south by fawn sand¬ 
stones. From sandstones to the east of the anticline the following 
were collected:— 


Orthophragmina (Discocydina) sella. 
Nummulites yawensis . 

Volutolithes sp. 

Oliva sp. 

Discocydina spp. 

Corals. 


One and a half miles E. N. E. of Mibauk, foraminiferal limestones 
dip W. 25° S. at 43°; to the east the strata are horizontal to where 
the Mibauk-Paungganaing road crosses Kyauk. 
Mibauk fjracUue* c ha W chaung . Here a fault strikes N. 12° W. 
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and the strata are all vertical. One mile further to the east, low 
dips to the north and east prevail in fawn sandstones, and mark 
the centre of the anticline, as, to the north-east, alternating massive 
sandy strata dip due east at angles of about 65°, flatten to 30°, and 
then steepen again after the watershed is crossed. 

The last-mentioned fault was picked up over a mile to the north, 
half a mile east of the 234-805 foraminiferal limestone ridge. To 
the east of the fault, alternating sandy and shaly strata dip to the 
east. 

North-west from Mibauk up Sibon chaung , the soft massive fine¬ 
grained sandstones of the Mibauk basin are underlain by blue shaly 
Sib n c haunt sandstones or sandy shales, in which, at the 

cfuuns " base, occur stringers of coal and resin ranging 

over a depth of 1ft*. Higher up the chaung , two miles north-west 
by west of Mibauk, a hard shelly band in the shales contains the 
following :— 

Lucina yawensis. 

Cardiurn Kanleanum. 

Natica sp. 

Capulus sp. 

Turritella sp. 

Ceritheum sp. 

A little lower in the sequence the big Pondaung Ampullirui and 
an Ostrea was collected. Westwards, massive brownish sandstones 
dip due east, and are underlain by a harder more limy series of 
sandstones and the latter by a hard fine-grained greenish sandstone 
forming the 829-912 ridge (longitude 94° 50'). Still further west, 
similar rocks, in which occurs a pool smelling strongly of hydrogen 
sulphide, pass down into alternating hard and soft sandstones; 
these continue to the summit of what has now become the main 
range cast of the Arakan Yomas. 

From west to south of Mibauk, Eocene limestones arc strongly 
developed ; they dip in a north-east direction in a similar series of 
rocks to that of Sibon chaung. In the Sibon 
weft^Piviibauk. South ’ chaung , no prominent foraminiferal limestones 
were seen although occasional Eocene fora- 
minifera were found in the shaly sandstones. Westwards between 
Mibauk and the Yegyansin (19° 22'; 94° 52')—Sangyi (19° 27 ; 94° 47') 
road, two foraminiferal limestones are present, the most easterly 
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forming tho very prominent 762-1034 ridge, which at places, 
notably to the north, attains considerable thickness, and the second 
which occurs as a thin discocyclinal band, a third of a mile N.-E. by 
N. of Mile 38 on the Sangyi-Yegyansin Road. About 200 feet 
below this latter, an isolated exposure of fossiliferous sandstone was 
noted containing the Pondaung sandstone AmpuUina. Westwards 
from here, the series is sandy to about Mile 41, where the Y'egyansin- 
Sangyi road cuts through the main hill range, and here shales 
reinforced by soft sandstones prevail. 

South from Mibauk three main limestones are met with. The 
first one, just over a mile south of Mibauk, dips 23° N. 33° E., has 
a thickness of about 105 feet and contains Operculina sp. and 
Nummulites yawnms. It is overlain by an alternating series of 
hard and soft sandstones which become massive to the north and 
in which, whole Kvaukpyok dialing joins Sib on chaung % 50 feet of 
blue shales occur. Below the limestone i> an alternating series of 
shales and sandstones, the former predominating at the trip imme¬ 
diately beneath the limestone. These pass down into the second 
big limestone band where a fault occurs striking E.-W. along the 
Kyaukpyok chaung . The strata on the south side of the stream 
have been ltd down about 50 feet by the fault. This is the lime¬ 
stone baud which forms the prominent 702-1034 ridge to the north, 
and contains— 

Operculina sp. 

Orthophragmina (Dii:cocyclina) Javana . 

Orthophragmina sp. 

Nummulita> sp. 

Where the hand thickens to the north-west, the bedding strikes 
at an angle to the line of the ridge. The third big limestone hand 
forms Tondaung Taung (Pt. 1005— ]9 C 25' ; 94° 52'), three miles 

south of Mibauk, and passes eastward into soft fawn sandstones in 
which small lent ides of limestone arc developed. Another small 
lenticle of limestone is developed one mile due south of Pt. 1065 
near to Hmoktalon village (19° 24'; 94 c 52'). 

The Pani chaung , from Mibauk to the south, passes through soft blue 
shaly sandstones which contain occasional foraminiferal horizons ; they 
are either horizontal or dip at low' angles, and are occasionally capped 
by a harder sandstone band forming cliffs up to 100 feet in height. 
Small faults are common and red earth and gravels are also 
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sometimes found on the surface of the series. In the Taungpila 
chaung , which enters the Pani chaung at Magyiyaw (19° 26'; 94° 65'), 
discordant dips and fracturing occurs in this sandy series 
which dips west by south and a series of faults strikes N. 10° W. 
Further to the east, one and a quarter miles north-east of 
Magyiyaw, reinforced shales form the core of the main anticline. 

On the Thayetmyo (19° 20'; 94° 14')—Mindon (19° 21'; 94° 46') 
road a foraminiferal limestone band caps soft Eocene sandstones at 
Mile 28*2 (the limestone is quarried for road metal on Hill 730 
to the north). The ridge which is formed by the limestones con¬ 
tinues to the south, possibly being stepped back to the east by a 
small fault just south of the road, to the rather isolated hill a quarter 
of a mile due south of Mile 28*3. From this latter point to imme¬ 
diately east of the stream junction, two miles due east of Thayetsan, 
(19° 21'; 94° 50') limestone can be followed intermittently along 

the ridge. There are fairly big exposures where, 
94° r 50') an ** n 22 *’ uow anc * a 8 a ^ n J the dip slope; of the limestones 

corresponds to the slope of the hill. The 
dips of the limestone increase from 30° E. by N. on the 

P. W. I), road, to 60° less than a mile to the south, and 
then remain fairly constant to Yaw chaung , where two bands occur, 
one to the east and one to the west of the stream junction two miles 
east of Thayetsan. 

Westwards from Mile 28*2 on the Thayetsan-Mindon P. W. D. 
road the strata are rather shaly, but give rise after Mile 28*4 to 
a series of alternating sandstones and shales in which the sand¬ 
stones are rather flaggy and occasionally fossiliferous. These; are 
succeeded by a series of sandstones, strongly false-bedded, and in 
places approximating to a collection of lenticles, until a thin band 
of foraminiferal limestone is reached at Mile 29*3. They then pass 
into an alternating series of sandstones and shales followed by false- 
bedded sandstones with alternating harder bands and dip from 
20°-30° east of north at from 20°-30°. 

This series, which continues to Yegyansin, is better exposed in 
Inbyit chaung to the north, where the lower limestone band, half a 
Upper Eocene Senes : mile west of Inbyit (19° 23'; 94° 62') village, 
Inbyit chaung. attains a thickness of 12 feet, and contains— 

Pecten sp. 

Orbitoidet sp. 

Nummutiles sp, 
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Just below the upper limestone band in the chaung half a mile 
E. 8. E. of the same village a sandstone contains— 

Cardium sub-fragile. 

Volutoconus birmanica. 

Oliva sp. 

RimeUa sp. 

Cytherea sp. 

At Yegyansin bungalow (19° 22'; 94° 50') these soft fawn 

sandstones with harder bands dip north-east at 70°. They continue 
to the west and at Miles 31*3 and 31*6 contain thin ferruginous 
bands with fragmentary lamellibranch detritus. Fine shaly sand¬ 
stones, dipping N. E. by E. at about 20° continue to the east, 
and in these at Miles 32*1, 32*5, 33*1 Eocene DiscocycUnae were 
noted. 

In the stream south of Mile 33*2, a good section of about 100 
feet of fine sandy shales can be seen, whilst blocks of ferruginous 
conglomerate in the stream contain a mixture of Eocene Discocy - 
clinae , broken molluscs —Turritella sp., Tellina sp.—and corals. 
Further upstream, a quarter of a mile south-east of Mile 33, fine 
shaly sandstones with coarser false-bedded lenticles dip north-east 
at 22°, whilst to the south-east, on the ridge which carries the 
Thayctsan-Mindon road, occurs a rather ferruginous fossiliferous 
sandstone. This sandstone is overlain further east by soft sand¬ 
stones with intercalated efflorescent bands and dips N. E. by N. at 
about 20°. Interbedded in these latter sandstones, which become 
more shaly higher in the sequence, is a six-inch band of ferruginous 
conglomerate made up of Eocene foraminifera and ferruginous 
concretions. This conglomeratic band is probably continuous with a 
band from which Eocene foraminifera found in the east bank of 
the stream north-east of Thayetsan are derived. The same fauna 
is contained in it viz., Discocylina omphalus , Discocyclina spp. and 
a large nummulite. 

From Yegyansin, the fine-grained sandstones with harder limy 
lenticular bands, some of which attain a hundred feet in thick¬ 
ness, continue to the south-east by south and form the ridge which 
runs parallel to the uppermost Eocene limestone band just over 
a mile and a half to the east. Half a mile N. 30° E. of Thayetsan 
foraminifera occur in this series, whilst down the short cut to 
Thayetsan from this point and about 200 yards nearer to the 
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village, the soil cap is strewn with a variety of forms in the high 
bank on the north side of the stream. Up the path on the south 
side of the stream, big specimens of Discocydina Javana are found 
on the road; they may, however, be derived from the stream 
below, as the villagers of Thayetsan use the bed of the stream 
as a source of road metal, and at the time of my visit one could 
pick up large medallion-like forms of Discocydina all along the 
village street. 

From Thayetsan westwards along the Kyingyi (19° 19' ; 94° 48') 
track specimens of Discocydina occur 200 yards south-west of the 
village in fine-grained sandstones; further 
94^50^ e * 8an * 21 * to Ike west, stringers of calcite occur in 

a vciy indeterminate series. Thence, up the 
hill, occur soft sandstones with harder ferruginous lenticles, the 
ferruginous partings occasionally showing traces of fossils. One 
dip of 75 E. by N. was registered although 30° E. bv N. was the 
general one. The bedding of this series was difficult to see owing 
to the debris derived from the precipitous scarp above, where 
dips in the fine sandstones with occasional harder bands are 30° 
W. by S. West of the line of calcific stringers no Eocene foramini- 
fera were noted and the line of a strike fault is probably indicated, 
the Thambula reserved forest to the west forming the eastern 

flank of a syncline. 

East of Thayetsan, to the west of the Yegansin road 
junction, remnants of a ferruginous conglomerate containing 
Discocydina were noted and can be correlated with the occur¬ 
rence about three quarters of a mile N. W. by N. of 

Thayetsan. East of the road-junction aforementioned, two bands 
of fossiliferous shaly strata occur; the first shows a preponder¬ 
ance of large foraminiferal forms, and the second, one hundred 
yards to the east, of small forms. These bands appear to be a 

continuation of the ones noted on the high north bank of the 
stream a quarter of a mile north-east of Thayetsan. 

In the Yaw chaung , three quarters of a mile east of Thayetsan 
village, the Eocene series consists of bedded, bluish, fine-grained, 
and slightly micaceous sandstones, the bedding 
qucnctVtmchmu0g!* m ran ging ^ rom inches to a foot in thickness 
and dipping north-east at 27°. Sometimes 
these sandstones are rather flaggy and at others contain limy con¬ 
cretions, whilst one and a half miles due east of Thayetsan, a thin 
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band (1 foot) of foraminiferal limestone occurs. About 300 yards 
further east, a harder fossil band was found to contain a mixed 
assemblage of foraminifera and molluscs. Among the molluscs Velates 
sp. was doubtfully recognised. The dip hereabouts is north-east 
at 35° steepening further east to 40° in a series of massive fawn 
sandstones (cinnamon coloured when wet) with occasional con¬ 
cretionary lenticles, efflorescent bands, and fragmentary fossil hori¬ 
zons. Harder bands in the soft series dip N. E. by E. at 45° and 
occur to the east; they are succeeded by a band of foraminiferal 
and concretionary limestone two feet thick which dips N. E. by E. at 
60°. This latter, which contains nummulites and various species 
of Diacoeyclina, including Discocyclina omphalus , is followed by 
more massive soft bluish efflorescent sandstones with occasional 
shelly conglomeratic bands, from which a large species of Ampullina 
cf. grossa (Dalton) was collected. They persist to the stream 
junction two miles east of Thayetsan, where the most easterly 
limestones of the Tlmyetmyo-Mindon 1\ W. D. road cut across 
the chaung. The latter are here of a concretionary nature, have 
a thickness of 70 feet and dip E. 20° N. at 21°. Joints in the 
limestones run N.-S. Shales succeed the limestones to the east 
to beyond the next big stream junction, and then pass into shaly 
blue sandstones, which continue to the spur which runs south¬ 
west from Mile 25*4 on the 1\ W. D. road. On this spur quart- 
zitic gravels are to be found. 

From Thayetsan, to the south-east along the Thakutkyaw 
(19° 18' ; 94° 54') road, lHsaKyclinae are found on the track just over 
one mile from the village first named, and are derived from a ferru¬ 
ginous band in soft fairly fine sandstones dipping 40° N. E. Fur¬ 
ther to the south-east, odd specimens can be picked up on the 
road apparently from the same fine, sandstone series. On the 
north side of Yaw village (19° 20'; 94° 52') innumerable speci¬ 
mens occur in the nala in soft bluish shaly sandstones, shales, and 
ferruginous concretionary bands, occasionally efflorescent, which dip 
north-east at 50°. Shales with harder sandy ferruginous lenticles 
dip N. E. by E. at 80° in the more southerly of the two 
Yaw villages, whilst Discocyclinae are found on the Thambula 
(19° 18' ; 94° 53') road three quarters of a mile to the south-east 
by south, and are derived from similar thin conglomeratic bands. 
They continue intermittently to Thambula, where they are found in 
quantity in the rocks underlying the village. This group of fine 
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shaly sandstones, with thin intermittent foraminiferal conglomeratic 
and shaly bands, can be traced practically continuously from 
Mile 33 on the Mindon Road to Thambula, a distance of six miles; 
they underlie a broken line of paddy, fields. 

One and a quarter miles east of Yaw village, the Pegu-Eocene 
boundary limestone appears to be about 30 yards thick, but it is 
difficult to say, as, occurring in a softer series 
94^52 * 19 ° 29 ’ it breaks down along the joints into 

blocks, which obscure the junctions. Below the 
limestone are soft fine alternating sandstones and shales; above 
are shales. From this point, eastwards along the Ale-chaung 
(19° 22'; 94° 54') road for half a mile, odd lumps of concretionary 
foraminiferal limestone were found but not being in situ were judged 
to be transported material. 

From Thakutkyaw, for a mile to the south, all the rocks seen 
consist of vein calcite and pieces of fine sandstone, obviously derived 
from sandy lenticles in a shale series. Up the steep ascent along 
the Natmauk (19° 16'; 94° 52') track, south-westwards from a point 
one mile south of Thakutkyaw, fine fawn sandstones dip S. W. by W. 
but exposures are very much obscured by debris. On the summit 
only small pieces of fine fawn sandstone with carbonaceous 
markings occur, but to the south-west, down the slope, sandstones 
with occasional shaly bands dip 50° S. W. The dip slopes down 
which the track passes are very steep and in the streams 
one finds a succession of water-falls where the harder bands, 
some of which attain a thickness of 150 feet, cross. At 
the more westerly forest boundary, the fine sandstones pass into 
shales; thereafter nothing can be seen for the recent alluvium of 
Mindon chaung. To the south-east, Shwenat- 
: ^ taung pagoda (19° 16'; 94° 53') stands on the 

summit of a 400 feet high cliff which runs east 
north-east, and is made up of massive irregularly bedded fine sand¬ 
stones dipping south-east at 25°. This latter series is apparently 
the same as the one forming the steep slopes of Theobyit Taung 
(19° 16'; 94° 55') to the east, the high cliff being a fault scarp. 

North-west of the south and old village of Thakutkyaw, blue 
shales with occasional thinly bedded sandy and limy bands and 
ferruginous concretions dip north-east at 60° in the stream bed. 
Some oontortion of the shales and a fair amount of vein calcite 
debris are also present north-west of the Thakutkyaw-Pazinda 
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(19° 20'; 94° 55') track crossing. Eastwards the stream meanders 
through shales followed by shales with sandy reinforcements dipping 
northeast at 75°, and these latter, where the valley closes in, by a 
bedded sandstone series with occasional shale bands. The sandstones 
are soft, fine-grained and efflorescent, whilst harder and ferruginous 
lenticles are intermittently interspersed in the shales. Discocyclinae 
were found in some of the blocks but were not seen in situ. Blocks 
of the concretionary type of Eocene foraminiferal limestone and a little 
gypsum were noted in the stream bed. Soft blue shales then give 
place, eastwards, to the second band of limestone, which cute the 
chaung one mile east of Thakutkyaw. The limestone is from 8-10 feet 
thick and is made up of concretions and various species of Discocyclinae . 
Soft shaly sandstones with harder lenticles follow and then, just 
east of the stream junction, thick blue shales with harder sandy 
bands dip N. E. by E. at 55°. These shales weather spheroidally 
and the stream meanders through them to the next stream junction 
one and a half miles east by south of Thakutkyaw. Westwards from 
this junction up the southerly tributary a similar sequence of shales 
with sandy lenticles, soft efflorescent sandstones, shales with sandy 
reinforcements and isolated small ferruginous concretions, and shales 
is met. The dips vary from 75° N. E. by E. in the vicinity of the 
limestone band to 40° N. E. in the shales with reinforcing sandstones, 
steepening again to 70° N. E. 5° E. further west. 

This stream is the one 1 identify as that examined by Theobald 1 
in detail and the one for which he gives the following section in 
descending order:— 


MIOCENE. 

(Ireenisb gray, earthy sandstone, shaly in places, but mostly 
massive, over ....... 


UPPER EOCENE. 

Nummulitio limestone ....... 

Soft sandy and shaly bods (ill seen) . 

Hard yellowish argillaceous sandstone . . . . 

Soft bo<l» (ill been) ........ 

Fine greenish gray Hilty sandstone, miemvous, rather slabhy, 
with some kIuiIj partings ...... 

Pale eludes ......... 

Dark shales and soft beds (ill seen) . 


Ft. In. 
100 0 


10 0 
65 0 
1 0 
80 0 

0 G 
1 6 
75 0 


1 Mem. Qcol. /?«««. Jnd., Vol. X, pp. 286 and 287, (1873). 
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UPPER EOCENE— contd. 



Ft. 

In 

Hard grey sandstone with marly lamps 



2 

0 

Soft shales. 



30 

0 

Sandstone, silty in parte and irregularly bedded . 



1 

0 

Soft shales ....... 



70 

0 

Hard marly band ...... 



0 

9 

Soft shales ....... 



60 

0 

Silty sandstone ...... 



2 

0 

Dark shales ....... 



20 

0 

Hard sandstone ...... 



1 

0 

Dark shales resting on hard sandstone 



26 

0 

Soft beds (ill seen) ...... 



90 

0 

Fine massive greenish sandstone 



10 

0 

Soft beds ....... 



26 

0 

Massive earthy sandstone .... 



6 

0 

Pale clunchy shale ...... 



4 

0 

Nummulitic shale ...... 



0 

9 

Pale clunohy shale ...... 



11 

0 

Nummulitio shale ...... 



0 

9 

Dark shale, flaky below ..... 



4 

0 

Flaky sandstone ...... 



1 

6 

Pale shales, somewhat silty .... 



2 

0 

Shales dark and clunchy. 



11 

0 

Pale earthy sandstone, Bhaly at base 



1 

6 

Hard sandstone ...... 



0 

9 

Soft shales with a little sandstone 



36 

0 

Flaggy sandstone ...... 



3 

0 

Flaggy shales ...... 



20 

0 

Hard sandstone ...... 



1 

0 

Greenish sandstone with soda efflorescence 



80 

0 

Greenish shales with soda efflorescence 



60 

0 

Massive sandstone ...... 



3 

0 

Shales pale and silty ..... 



20 

0 

Massive sandstone, with a few beds of shale 



175 

0 

Pale shaly beds ...... 



90 

0 

Thin bedded silty sandstone .... 



1 

0 

Arenaceous shales, with carbonaceous markings . 



60 

0 

Pale arenaceous shales with rusty laminar concretions and 



carbonaceous markings .... 

. 

. 

6 

0 

Dark brown shale, clunchy at base . 

. 

. 

80 

0 

Compact bluish sandstone with some carlxmaoeous matter 

• 

1 

0 

Total 

9 

1,223 

0 


Theobald remarks that the section though not everywhere well 
exposed and lying on a small and somewhat tortuous stream gives 
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uevertheless a good idea of the beds of the Upper Eocene group and 
generalises it as follows :— 


MIOCENE. 

Clay and sandstones . 


UPPER EOCENE. 

1. Nummulitic limestone . 10 0 

2. Shales and sandstones ; shales occasionally nummulitic . 658 0 

3. Massive sandstones with some shales and much soda 

efflorescence in places ...... 328 0 

4. Shales and sandstones, the slialee with some carbonaceous 

markings. 227 0 


Total . 1,223 0 


Continuing Theobald 1 remarks— 

‘ The limestone at the head of this section is, as far as can be judged, the highest 
bed of the Nummulitic group : and its variable thickness, for in many places it must 
be from sixty to a hundred feet thick, is quite in accordance with that general irre¬ 
gularity of development which, as 1 have already described, causes it in places to 
thin out abruptly and disappear. There can, however, be little doubt that this 
topmost bed of the group is the same l>ed which can lie traced at intervals from 
near Phoungyi to the Pyengma stream in the llassom district, a distance m a direct 
line of two hundred and twenty-four miles. That it is not more largely met with 
than it is, seems partly attributable in its irregular development, and partly no 
doubt to the extensive denudation it has undergone during the most recent times 
and subsequent to the formation and arrangement of the general surface features 
of the ground at present \ 

Throe quarters of a mile north-east of Thakutkyaw, concretionary 
limestones with foraminifera form a dip slope, over which the 
Pazinda track passes, and more of the same type of limestone forms 
the ridge on the high left bank of the chaung to the east. Further 
to the east, the rooks consist of soft fine sandstones grading into 
shales, whilst a hard fine limy band forms the subsidiary" N. W.— 
8. E. watershed one and a half miles south-west of Pazinda village. 

South by east of Thakutkyaw* are almost vertical shales, and, 
where the Pvinaing (19° 17'; 94° 56') track crosses the stream one 
mile south-east of Thakutkyaw, similar shales dip north-east at 
from 60° to 70°. Vein calcite is found in this series. Along the 
Pyinaing track to the east thin bands of foraminiferal limestone 


1 Ibid p. 288. 
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occur, giving place after half a mile, to a band of grits, occasionally 
ferruginous, which form a ridge, and are succeeded by a glauconitic 
grit one and a half miles S. E. by E. of Thakutkyaw. The ridge 
a little further to the east appears to be foimed of a limy band in 
shales, as, although limy nodules are common in the soil cap, no 
other rocks are to be found. 

West of Mile 331 on the Mindon road the sandstone series with 
Eocene foraminifera is succeeded to the west to the Tiehe chaung- 

... , Aingma chaung junction at Mile 34-1, by a 

senes of massive sandstones with shaly sand¬ 
stone intercalations, dipping north-east. From here to Mile 36 a 
massive sandstone series prevails. This series is bluish in colour 
and contains broken leaf impressions, but otherwise appears to be 
completely unfossiliferous. The Aingma chaung cuts through it 
in a rocky bed, whilst the slopes both north and south are steep and 
thickly covered by forest and undergrowth. The road follows the 
chaung , at one place running along the bed for some hundred yards. 
After heavy rains, as at the time of my visit, the water was about 
three feet deep and flowed torrentiallv. 

West of Mile 36, the series becomes more shaly and reefs of 
Eocene Discocyclinae and nummulites appear. This shaly sandstone 
and shale series formB the ridge west of Mile 37 and continues 
southwards to Kanle (19° 20'; 94° 47') being covered locally by 
river gravels of vein quartz and quartzite up to 10* in diameter. 

North of the Mindon road, the Aingma chaung at Saingdo 
(19° 23'; 94° 48 # ) flows in blue shaly sandstones with harder more 
calcareous lenticles, which are very like the 
: 23 ’ sandstones occurring along the Mindon 

chaung in Sheet 85 1/16 to the south. The 
occurrence of Eocene foraminifera on the gravel banks, and further 
work to the south, proved definitely, however, that they are of 
Eocene age. 

East of Kanle, paddy fields obscure the solid geology to 
Mogaung (19° 20'; 94° 48') village. From the latter place to 
the east, shaly sandstones with Eocene foraminifera dip east at 40° 
and form the lower slopes of the ridge. In the sandy bands in the 
series, occasionally small knots of foraminifera sometimes only two 
feet in length are seen. This shaly sandstone series is very similar 

the one forming the ridge north of Kanle; it contains the same 
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fauna and possibly is a part of the same series. Otherwise, a small 
strike fault may occur along the valley of the Aingma chaung to the 
west. 

From when* the steep ascent to the ridge east of Mogaung 
commences, no foraminifera weie seen in the harder sandstone 
series overlying tin* foregoing. These latter rocks dip E. 15° N. 
at 35' and contain laminated (l/) bands and more massive bands 
(0 to 8 feet) and lentieles. Northwards from the summit of the 
ridge, along the watershed, big sandstone lentieles dip east, and 
E. 15° S. at from 10°—20° until the solid geology becomes 
obscured by soil cap. Where the watershed runs west, sandstones 
appear to dip south at low angles but the exposure is precipitous. 
Further west on the Thambula reserved forest boundary sandstones 
dip W. 25° S. at 35 , further west still, debris obscures the change 
of dip to north-east, west of Thayetsan. 

South-west along the Kvingyi path on the Thambula reserved 
forest boundary, only sandstones of the type seen on the Aingma 
chaung to the north-west are seen; they dip 
94*48'?** * 9 ’ south-west but the dip gradually changes to 

south towards the stream immediately north 
of Kvingyi. At the latter place the dip which lias averaged about 
40° decreases to 25 in sandy shales with harder lentieles. No 
Eocene foraminifera were found in the gravel banks of the stream. 

On the Gyogon (19° 18'; 94° 48') track in the stream imme¬ 
diately south of Kyingvi flagstones intercalated in a sandy shale 
series dip E. 5° N. at 40° so that Kyingyi lies along the axis of a 
syncline. The flagstone series continues to Gyogon, the direction of 
dip changing gradually to E. 25° S. at 35° half a mile north-east 
of the village, but steepening to 50° as the village is reached. 

Due south of Myenigon (19° 19' ; 94° 47') on the right bank 
of the Mindon chaung , soft sandy shales surmounted by gravels 
dip north by east at 60° and then east by north at 

Sm © »ii 20° a little further south. Sandy rocks with harder 

* doggers * are seen along the road to the Thanyan (19° 18' ; 94° 47') 
village cart track junction, at one place dipping S. 30° 
E. at 85°. At the latter place sandstones dip W. 25° S. 
at 40° giving place eastwards towards Thanyan to laminated 
soft shaly sandstones dipping north-east at 30° and N. 25° W. at 
26°. Immediately west of Thanyan, vertical grey grits strike E. 
20° N. whilst within the precincts of the village a soft laminated 


i 



240 GEOLOGY OF PARTS OF MINBU AND THAYETMYO. 


shaly series dips 70° E. 10° S. Faulting has evidently taken place 
in this area; it cannot however be made out specifically in this 
featureless jungle country. 

From Thanyan down the Mindon chaung weathered sandstones, 
mottled green and brown, appear in the angle of the stream three 
furlongs south-east of Padon (19° 18'; 94° 47'), 
of T^am5m nng *° Uth bedded fairly massive sandstones dip 

E. 15° S. at 35° on the left bank immediately 
below Mibauk (19° 18' ; 94° 48'). Five furlongs east of Sagade- 
anauk (19° 17' ; 94° 49') sandstones dip 30° E. 15° N. and laminated 
sandstones with harder bands dip E. 20° N. at 30° one mile N. W. 
by W. of Kyaukse (19° 18' ; 94° 50'). South-west of Kyaukse the 
massive sandstones forming the high left bank of the river appear 
almost horizontal. 

West from Kinbongaing (19° 17' ; 94 y 50') on the right bank 
of the river on the southerly track to Gwedaukcho (19° 14'; 94° 50'), 
practically horizontal shaly blue sandstones 
: <l9 harder calcareous bands (6"), sometimes 

ferruginous, reinforcing them, are first seen. 
Where the dip can be made out it is south by west at 10°, changing 
to the south by west, to 15° north-east. Underlying the latter are 
soft rather shaly sandstones with ferruginous and calcareous bands 
dipping north-east at 40°. In these at one place minor jointing 
was so regular as to give the appearance of setts. Laminated sand¬ 
stones with intercalated doggers and shales dipping E. 25° N. then 
continue to the south-west to 20 yards east of the Htaukyit 
(19° 17'; 94° 48')—Gwedaukcho cart track, where an Eocene forami- 
niferal reef, containing species of Discocyclina, occurs in soft sandy 
and shaly rather laminated strata. This reef was reported to occur 
intermittently northwards to Sagade-anauk and south to Gwedau¬ 
kcho. West of the reef the rocks become more shaly and support 
a little cultivation; they contain thin ferruginous bands and stringers 
and nodules of calcite. One hundred and fifty yards north of the 
foraminiferal reef above-mentioned, on the Sagade road, other fora- 
miniferal reefs were noted on the line of strike of the first one. 
Occasional quartz gravels on the ridges point to this country 
having been covered by gravels within recent tim es. 

East of Kinbongaing along the Thambula track, soft and occa¬ 
sionally laminated sandstones dip 8. 30° W. at 30° and are underlain by 
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soft weathered fawn sandstones which dip south-west at 35°. In the 
more shaly strata below the latter on the 300-foot contour, an Eocene 
foraminiferal limestone, three yards thick, dips S. W. by S. at 20°. 
Below the reef, soft sandstones, with harder limy and slightly ferru¬ 
ginous bands, dip in the same direction at 25°, and in these a tough 
ferruginous fossil conglomerate with ironstone nodules contains 
broken lamellibranchs and gastropods. One of the big gastropods 
appears to be AmpuUina grossa , Desh. Similar rocks continue 
to the east, the dip, where the steep ascent commences to the forest 
boundary gradually steepening to 35°. Rather laminated shaly strata 
with ferruginous bands, much more shaly than to the immediate 
west, continue to the stream to the south-east, where shaly strata 
dip N. E. by E. at 80°. A crushed zone follows in which the dips 

vary from 8. W. by S. at 80° to N. E. by E. at 80' and is succeeded 

by a sandy series dipping 8. W. by 8. first at 60 c and then on the 
watershed at 40°. Soil cap and debris obscure the solid geology 

on the Thambula side of the watershed. 

Down the Mindon chuuny below Kinbongamg practically hori¬ 
zontal massive sandstones continue to a third of a mile due south 
of Tanlebin (19 u 1G' ; 94 52'), wheie a icel of Dutccyclina 

and liummulites caps a mass oi bluish soft sandstone and dips 

N. E. by E. at 15". On the left bank abeve the Hlwawa stream 

junction, bedded shaly sandstones dip east by south at fitm 15 L — 20 c ; 

the same aeries aie also seen on the right hank on the noith-east 

reach of the river below* the junction. The jhotogiaph (Plate 12, 
Fig. 1) was taken from the right bank of the Hu cha^tig half-a- 
mile S. W by AS. of Leye (19° 1G'; 94° 53') and lcchs N. E. b} 
E. at 8hwenatt«w pageda. The 8hwenattaw pagoda stands on a 
scarp of sandstones (j ost-Eocene) precipitous to the noith-west ; 
the summit on which the pageda stands is nearly I,ot0 feet above 
the level of the river below, and consists of massi\e soft sandstones 
dipping S. E. at 25\ The cliff north of the pagoda ia about 400 
feet high and made up of massive^ soft irregularly bedded fine¬ 
grained sandstones. Below* the massive sand&tones, on the slope 
west by south of the pagoda, a few specimens of Lepidccyclina 
(Oligocene) were collected in fine sandstones; tufa occurs in the 
stream west of the pagoda. 

Half mile west by south of Leye (19 c 10'; 94" 53'), gieenish 
blue sandstones dip E. 20° S. at 30° and continue to the south-west 

l 2 
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Leye: 19° 


Ley© : 
94° 53'). 


along the Kabaing (19° 13'; 94° 50') track. 
16 ; All the valleys in this area are steeply cut and 
gravels cap the ridge at about the 250 feet 
contour south-west of Leye. Sandy strata with harder lenticles continue 
to the south-west to S. E. by E. of Hiwawa (19° 15' ; 94° 52') 
and gravels with boulders of Axial detritus up to one foot in 
diameter occur intermittently on the ridges up to a height of 370 
feet. Half a mile due south of Hiwawa, where a reef of argillaceous 
Eocene foraminifera occurs in soft greenish sandstones with harder 
marly bands, the dip changes to E. 10", N. at 3(F; the series 
continues with the same dip along the ridge to the track junction 
just over a mile to the south. West by south from this junction, 
is a sandy series weathering out as lenticles and crowded with teats 
of the gastropod, Turritella ; it continues in the high ridge to the 
south-west, whilst along the track, which hereabouts runs due west, 
no exposures are visible, but from the soil-cap the rocks appear to 
be much more clayey than in the ridge. On this track one-and-a- 
quarter miles N. E. by E. of Kabaing a band of foraminiferal lime¬ 
stone containing various species of Discvryclina was found dipping 
east by south at 40°. The limestone is of the concretionary type, 
and in addition to foraminifera contains broken laniellibranchs. 


Seven miles to the south in the stream about 600 yards west by 
north of Monda (19° 8'; 94° 54'), fine bluish-green sandstone dips 
Mond« E. 5° S. at 30°. Further up the stream they are 

succeeded by more shaly types containing, at 
the top, a weathered shaly band of foraminifera dipping E. 10° N. 
at 35°. The band is 12 feet thick and contains species of Dis- 
cocydincB and echinoid tubercles. In this more shaly series are harder 
dogger bands but the shale bands are fairly homogeneous and 
weather spheroidally. West of the compact foraminiferal limestone 
band containing Discocydinw , nummulites and corals, one and a 
quarter miles west of Monda, shales dip E. 10° N. at 30°, but the 
series becomes sandy where the Monda-Sayan (19° 9'; 94° 52') 
track leaves the stream bed, and here on the north bank is a band 
of foraminiferal limestone from 6-10 feet thick. This band con¬ 
tinues north over the watershed to immediately west of the 
western tributary of Pyagyi chaung. From this band Liiho- 
thamnium was also identified. East of the limestone band at 
the latter locality, calcareous tufa is deposited in the chaung 
bed. Westwards over the watershed on the Sayan track fine-grained 
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bluish sandstones, dipping E. 10° N. at 60° (approx.), form a scarp, 
whilst the same dip prevails in fine-grained, bluish, bedded sandstones 
one third of a mile east of Sayan. North from the latter locality, 
blue shales with thin intercalated fine limy sandstones dip E. 15° 
N. at 50° in the head-waters of Mibauk chaung. Shaly strata 
dipping in the same direction continue north down Mibauk chaung 
and in a limy sandstone two and a half mileb south by east of 
Mibauk, specimens of Conus , Natica , and Cardium were collected. 
One and a quarter miles south of Mibauk (19° 12'; 94° 52') a 
foraminiferal limestone band very similar to the one seen three 
quarters of a mile west of Monda was encountered, whilst north of 
this band, where the stream passes through the thick blue shales 
of the Mibauk valley, vein calcite is common. 

In the southern branch of Monda chaung where the valley closes 
in one mile south-west by south of Monda, a 20-foot band of lime¬ 
stone strikes across the chaung and dips 40° south-east. The band 
contains large Discocychnw of from 3"-4' f diameter with crenulated 
margins, Discocyclina omphalus and a variety of other species as 
well as the large nummulite mentioned from east of Thayetsan. 
Below this limestone occur sandy strata dipping at the same angle, 
and immediately after the bend in the stream one and a quarter miles 
S. W. by S. of Monda, shales with sandy and limy lenticles and 
calcareous concretions. The latter dip E. 15° N. at 15° ; the 
change of dip is sudden and faulting has evidently occurred. Sandy 
strata with a thick soil cap form the watershed to the west. 

West of Kyein Taung on the Gyinye (19° G' ; 94° 54') track* 
three quarters of a mile south of Monda pongyi chaung , beds of fine¬ 
grained blue micaceous sandstones from one to two feet thick with 
softer six-inch intercalations dip south-east at 35°. Overlying 
them is a 12-foot band of Discocyclina shales which grades into the 
sandy series. On the Gyinye side of the watershed further south, 
Discocyclina limestone dips south-east at 55° across the path. These 
limestones contain a fauna similar to the bands west and south¬ 
west of Monda. 

The Gyinye valley is obscured by rice fields, but to the west by 
north up the main feeder to Gyinye chaung , there is a band of fine¬ 
grained blue micaceous sandstones down the 
Gyinye. dip slope of which the stream descends for 

100 feet. At the bottom of the slope is a huge cauldron 6 feet 
deep and 12 feet in diameter, whilst a similar cauldron occurs at the 
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top. Further west, bands of Discocydma limestone, similar to those 
just mentioned, dip due east across the stream and are associated 
with fine-grained to shaly blue sandstones. Above the bend one 
mile west by north of Gyinye, bands of the same limestone dip E. 
26° N. at 40° in shaly blue sandstones which weather spheroidally. 
From here the stream-bed follows the strike of the rocks until near 
its source, where an alternating series of fine-grained micaceous 
sandstones and shales dips E. 25° S. at 35°. Further to the 
north-west the soil-cap is thick and exposures non-existent. 

Half a mile south-west of the jungle village of Yebokkale chaung 
(19° 5 '; 94 ° 55 ') on the ridge crossed by the Gyobin road, sandstones 
dip S. S. W. at 30°. They are followed first 
(1 9 ^* 5 °*^ 94 " foraminiferal (Discocydina) sandstone dip¬ 

ping in the same direction at 40° and then by 
a hard tough foraminiferal limestone containing Discocydince and 
nummulites. The latter dips E. 70° S. at from 60°- 70°. Faulting 
appears to have taken place and vein calcite is very common to 
the north of this limestone exposure, where, along the watershed, 
coarse foraminiferal sandstones very like the uppermost band in 
Gyinye chaung two miles N. W. by N., and a great deal of calcite 
and brecciated sandstone rock occur. 

North-west of the peak one mile south of Yebokkale, Discacy- 
dina sandstones and limestones dip south by east at 40°. Here 
the series of foraminiferal rocks is thick and very like the Gyinye 
series; it appears to be the southerly pitching end of a small 
faulted anticline. 

On the track, one and a half miles N. E. by N. of Gyobin 
(19° 2'; 94° 54'), the strata dip S. S. W. at G0° whilst a quarter of 
a mile nearer to Gyobin slightly ferruginous limestone containing 
nummulites and Lithotfiamnium dips N. E. by N. at 30°. The latter 
]S followed to the south by fine-grained rather limy, micaceous 
sandstones with traces of fossilB. Just north of Banbyin village 
(19° 2'; 94° 55') quartz pebbles crown the ridge, whilst tho alluvium 
of Made chaung conceals the solid geology of the Gyobin valley. 

One and a quarter miles N. E. by E. of Gyobin, where the steep 
ascent on the Thapangyo (19° 5'; 94° 57') path begins, argillaceous 
limestone bands containing DticocyclincB dip E. N. E. at 40°. 
On the watershed above, fairly fine-grained sandstones dip first 
E. N. E. at 60° and then E. 20 ° S. at 50°. Half a mile north of Kadan 
Taxing (19° 3'; 94° 56'), sandstones dip north-east at 20° but this 



DESCRIPTION OP ROCKS. UPPER EOCENE. 


245 


dip may be of a local nature. In the chaung which rises immedia¬ 
tely north-west of Kadan Tcuung , paddy fields occupy the upper 
part of the northern reach. They are followed down-stream first 
by fine-grained sandstones dipping E. N. E. at 55° and then by 
thinly bedded sandstones and shales, a waterfall being formed where 
false-bedded blue sandstones 50 feet thick dip E. 30° N. up the 
chaung. This latter band is followed by thinly-bedded blue sand¬ 
stones in which a Discocyclina band dips north-east at 60°. Down 
stream disturbed strata occurs to the paddy fields. 

Immediately west of the village of Peinnekwin (19° 3' ; 94° 58'), 
shaly strata are followed by argillaceous Discocyclina limestone 
bands dipping N. E. by E. at 45°. These 
3'^ C *4°^8') n : bands are followed to the north-west by very 

broken and brecciated strata and then by soft 
blue shaly sandstones dipping south-east at 30°. The latter continue to 
the junction one mile N. W. by W. of Peinnekwin. Above the junction, 
soft blue, micaceous, and rather shaly sandstones dip E. 30° N. at 
G0° ; they continue, forming small waterfalls where the harder bands 
cross, to two miles N. W. by W. of Peinnekwin. There, a band con¬ 
taining the largo nummulite previously mentioned crosses. South-west 
from here on the watershed at a height of 550 feet, coarse foraminiferal 
sandstone dips E. 30° N. at 60°. Just west of the summit of Kadan 
Taung a band of foraminiferal sandstone dips E. 30° N. at 50° ; the 
dip in the same band steepens to the south to G0° in fawnish rather 
* tuffy ’ looking sandstones. 

On the ridge half a mile N. W. by W. of Pingadaing 
(19° 2'; 94° 59') a compact glauconitic fossiliferous limestone, 


containing Discocyclinw and small nummulites, dips east at 44°. 
It disappears to the south and no trace of it could be found in 
Kyaukme chaung which cuts the ridge on the south. 
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CHAPTER IX.—DETAILED DESCRIPTION OF ROCKS. 

‘ THE PEOU SYSTEM\ 

The Pegu system consists of an alternating sequence of sandstones 
Physical characterise and clays in which calcareous bands sometimes 
tics of rocks. play an important part. They have been 

described fully by Pascoe 1 who in his account states (p. 17). 

* One of the most striking characteristics is the impurity of the various sedi¬ 
ments and the rapid and capricious alternation of clays, sandstones and calcareous 
bands There is every gradation between a sandstone and a clay and it is rarely 
that one unmixed with the other is found.The proportion of one constitu¬ 

ent may increase laterally and a sandy day pass into an argillaceous sandstone. 
A less intimate form of mixture produces one of the commonest types of all, a 
series of alternating laminae of layers each from an inch to a foot or more in 
thickness, of impure sand and clay : either kind of layer may decrease laterally 
and the composite bed pass into a sand or a clay as the case may be. Current-bed- 
ding is not so frequently met with as it is in the overlying Irrawadi Sandstone, but 
it is by no means uncommon. As a rule the lenticular habit of the beds is on a 
larger scale and not apparent in small sections. Small local unconformities and 
examples of contemporaneous erosion exist here and there at no particular horizon. 
.... The hard calcareous and often fossiliferous bands consist of sand mud and 
oxide of iron, cemented by calcareous matter: as the latter is always of secondary 
origin and the bands inconstant, they must either die out or pass laterally into 
& sand or a clay. Sometimes the proportion of sand is very small and we get a 
hard ringing limestone. In fact there is again every gradation between this and 
a crumbly shell marl.Not only in flat bands, but also in spheroidal or irre¬ 

gularly rounded concretionary masses with planes of stratification passing across 
them, does calcareous sandstone occur and there is every gradation from sphe¬ 
roids, through more and more flattened Bpheroids to flat slabs or bands. The 
latter are often only six inches to one foot in thickness ; they are known as shells 

by the drillera.Some of these hard slabs show beautiful ripple-marking 

which had been formed in the soft sand before the infiltration and deposition of 
carbonate of lime.* 

Included in the Pegu system are all rocks between the upper 
boundary of the Eocene and the lower boundary of the Irrawaddy series. 

In the north of the area under description the system has been 
divided up as follows :— 

Pegus (restricted)— 

Upper shallow water series with selenite. 

Upper shaly group. 

Middle marine Um 7 e^up with interca- 
lated shales. 

Padaung Clays. 

Shwexetaw Sandstones. 

i Mm. CM. 8wrv. Ind., XL, Pt. 1, p. 14, «t « q. (1912). 
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In the south at the latitude of Kama (19° 1'; 95° 9') the following 
divisions can be recognised— 

1. Alternating sandstones and shales. 

2. Massive sandstones (Prome Sandstones of Theobald). 

3. Shales. 

4. Sandstones, seen at Kyaukme (19° 1'; 94° 59') on Made 

Chaung. 

5. Shales. 

In the Thayetmyo district, continuous mapping northwards 
from the latitude of Kama along the western outcrops, has shown 
that the horizon of sandstones in the Pegu 

Okhmin^Mng ,lnd,< rid?c 8 7 st€m ’ exposed at Kyaukme, forms the 
sandstones and Monat- Okmintaung ridge north of the Thayetmyo 
same “ ndito,,cf the (19° 20' ; 95° 14')—Mindon (19° 21' ; 94° 50') 
road. Eastwards, on the other side of a 
synclino, the same sandstones form the flanks of the Monatkon 
(19° 32' ; 95° 3') and Okpon (19° 28'; 95° 3') domes. These 
sandstones are overlain by a series of shales in the Magyigon 
(19° 29' ; 94° 57') and Kadetpin (19° 29 '; 95° 2') valleys and are 
overlain by sandstones below the Irrawaddy-Pegu junction north-west 
of Thayetmyo. On the river south of Thayetmyo, the same 
sequence of sandstones, shales, sandstones, in descending order, is 
met with below the Irrawaddy boundary. A sketch map of the 

Irrawaddy river south of Thayetmyo showing details of rocks of 
the Pegu system is given by Stamp 1 . It will be seen that the 
upper part of this section corresponds to the upper part of the 
section at Kama. 

The unconformity and overlap of the Irrawaddy sandstone on 
the Pegu system, is very difficult to make out in the north, in areas 
where the outcrops of the beds run parallel with the main range. 
Where the dips are fairly high the boundary is obscured by pebble 
debris from the Irrawaddian basal conglomerates. It becomes a 
little more obvious to the south, where folding and denudation has 
exposed the boundary over a more extensive and gently folded 
E.-W. section, or even at a series of places in a N.-S. line. There 
the Irrawaddy sandstones are sometimes found overlying Pegu 
sandstones and at others alternates and shales of the uppermost 
rocks of the same system. 


i Gkol Mag . LXII, p. 028, (1020). 
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The development of the Okhmintaung ridge sandstones has, in 
the past, been the chief difficulty in correlating the Pegu system 
along the Irrawaddy valley from Kama northwards. The base 
of the post-Eocene rocks are not exposed in the Lime Hill, 
the only rocks showing being the equivalent of the Padaung clays, 
in which there is a development of Lepidocyclinm. Similar Lepido - 
cydince occur due west of this, in the western outcrops below the 
sandstones of the Shwenattaung Pagoda ridge and west by south 
of Lebya, on the Mindon chaung. 

At latitude 20° 30', the lower divisions mapped further north 
are still prominent, and it was possible to map Skwezettaw sandstones 
and Padaung clays southwards throughout Sheets 84 L-7 and 84 
L-8. 

West of Myaung—U (20° 30'; 94° 21') the upper horizons of the 
Shwezettnw sandstones consist of sandstones with intercalated shelly 
conglomerates. Lower in the sequence the 
8t<Mief CZ Sheet 84 sandstones become much more calcareous 

although true sandstones and conglomerates do 
occur. Fossils are found as a rule in the more limy bands but only 
fragmentary specimens can generally be collected from them. The 
series dips at an angle of about 30° and is underlain conformably 
to the west by the Yaw shales. 

A similar sequence is seen west of Aleban (20 5 27'; 94° 21') four 
miles to the south, and in the Mon chaung section a further six mdes 
to the south, subsidiary scarps are formed in the series where thick 
calcareous bands occur. The latter give rise to small falls in the streams, 
which, in the rains, flow down dip slopes to the Thabye chaung to 
the east. The whole series attains a thickness of about 3,000 feet 
in this area. 

To the east overlying the Shwezettaw sandstones are the Padaung 
clays. Part of the village of Myaung-U occurs on the lowest hori¬ 
zons of them, but the main sequence is found 
84 P LJ tUng C,ay * SheCt ^ urt ^ er ***** w ^ ere ^ consists of two bands, a lower 
and an upper. The lower band has a thick¬ 
ness of about 800 feet and the upper of 700 feet and they are separated 
by a series about 330 feet of * pepper and salt \ gritty and some¬ 
times reddish sands with fossiliferous bands. The upper band 
passes northwards into a typical Pegu alternating series of sand¬ 
stones and shales, whilst the lower band continues northwards to 
form the well 'defined shale band of the Ngahlaingdwin anticline. 
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At Myaung-U the shale bands are apparently unfossiliferous, but to 
the north the lower band at Ngahlaingdwin (20? 41' ; 94° 23'), contains 
foraminiferal limestones of Oligocene age. To the south the upper 
clay horizon thickens considerably, whilst the sandy zone separating the 
two bands thins and develops shale bands between the gritty sand¬ 
stones. The whole series dips due east at about 30°, changing at 
the Mon chaung crossing to E. 30° N. at about the same angle. The 
main shale horizons accommodate long meandering subsequent 
streams, and, of these, the Thabye (20° 22' ; 94° 21') and Aleban enter 
the Mon chaung from the north and the Chaungzauk (20° 23' ; 94° 
18') and Dahat (20° 22'; 94° 18') from the south. 

The restricted Pegu series in this area, though as a whole an 
alternating series of marine and estuarine facies, at various horizons 

Pegu Series (restrict- ( ^ oos con ^ a ^ n a predominance of types and can 
ed) northern part of be divided into an upper sandy, a middle shaly 
Sheet 84 L-7. and a lower limy and sandy series. 

The base of the lower limy and sandy series forms the scarp 
cast of the Aleban valley in the north, and the Chaungzauk valley 
in the south. It consists from the base 
8erie». d,C Wmy and * andy upwards of alternating sandstones with thin 
limy bands, followed by shaly sandstones and 
ripple-marked pepper and salt sandstones. This facies prevails to a 
band of hard massive sandstone, 25 feet thick, 1,500 feet from the 
base, which cuts across the nalas and forms a marked feature, being 
responsible for the minor much dissected scarp on the l'=l mile 
topographical sheet. Eastwards from this band, shales begin to 
appear as noticeable horizons, and a gradual transition into the 
middle shaly series takes place. Occasional contemporaneous con¬ 
glomerates with soft shale pebbles, and horizons containing broken 
fossils aro present throughout the series, which has a total thickness 
of about 3,300 feet. 


The middle shaly series is if found along the bed of the Shasibo 
nala ; it has a thiclmess of only about 1,000 feet in this area, but 
forms a marked division between the hard 
Upper shaly series. g^py grits below, and the fawn coloured 

sandy strata above. On the east, in the middle of the sheet, the 
scarp carrying the Nyaunggon (20° 20'; 94° 23')—Maung-U road 
forms its upper boundary, but to the north towards the Salin (20° 
35'; 94° 40')—Sidoktaya (20° 27'; 94° 15') road, it loses its 
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Upper sandy series. 


identity owing to the number of thin sandstone bands which are 
spliced in from the north. 

The upper sandy series is characterised by soft fawn coloured 
sandstone, varied by thin, harder, and more ferruginous bands, and 
occasional shaly pebbly and gritty conglome¬ 
rates, the shale pebbles of which are extremely 
ferruginous in character, and probably derived from underlying 
horizons of the same series. The fawn coloured sandstones, ferru¬ 
ginous mud conglomerates, and harder gritty bands, are of a shelly 
nature in the lower horizons ; in the upper, shelly horizons are absent, 
but two horizons in which selenite is abundant occur. This upper 
series of the Pegu system is nearly 6,000 feet thick. 

In the lower band of the Padaung clays in Dahat ckaung in the 
south of the sheet, Sethu Ram Rau reports in his progress report 

Pegu sequence in for 1912-13 the collection of the following 
south of Sheet 84 L-7. f auna : _ 


CalceUaria martiniana 
TurriteUa Lyddekeri 
Solarium and corals 
Dentalium. 

Eastwards the Pegu beds consist, according to the same authority, 
of sandstones and limestones of which some are fossiliferous. Ex¬ 
posures are rare, even in the stream beds, and the only other fossili¬ 
ferous zone which could be marked with certainty, is that occurring 
two miles west of Chaungzon (20° 17' ; 94° 28') village, where the 
following were collected :— 

Batis8a Crawjurdi. 

Baiissa Kodaungensis 
Telescojnum subtrochleare. 

Area rhombea . 

Overlying this zone the Upper Pegu series consists of sandstones 
conglomerates and very subordinate shales. Selenite is present in, 
many localities and characterises the series. 

To the south-east on the same strike as the upper shale band of 
the Padaung clays, half a mile south-west of the deserted village of 
Kyauk-o (20° 10'; 94° 31') in Sheet 112, Cotter found limestone 
containing Heterostegina sp., Pecten sp. cf. 8ubarcuatus t Toum, and 
minute nnmmuHtes. This limestone is associated with shales, and 
continues to tfre south-east to form the upper horizon of the Padaung 



DESCRIPTION OP ROCKS. ‘ THE PEGU SYSTEM.' 251 


days in the Man chaung section. From the upper division in Sheet 
84 L-7 near Chaungzon village (20° 17'; 94° 28') Cotter collected 
Cyrena Khodaungensis and Ceritheum sp. 


In the Man chaung section, the Shwezettaw sandstones consist 
of sandstones with intercalated grits, flagstones and limestones. 

Shwczttaws and Cccasional bands are shelly and brittle, and 
Padaungt of Man one thick shale band occurs in the series. The 

chamng section. renowned pagoda of Shwezettaw, which stands 

on the ridge south of Payaywa (20° 7'; 94° 35') village, consists of 
conglomerates and flagstones, the latter of which are extensively 

used for steps to the upper pagodas. 


North of Payaywa—the village lies in a shale valley—is a con¬ 
glomerate band, which corresponds to the shelly grit separating the 
lower from the upper clay bands of the Padaung clays on the Man 
chaung to the north. Half a mile N. W. by N. of Payaywa village, 
it is overlain by shales containing a limestone, from which 
species of y Schizaster Helerostegina and Pecten were collected. The grit 
is seen again south of Thanbavagaing (20° 5' ; 94^ 37') and is over- 
lain on the peninsula on which Thanbavagaing stands, by a thick 
series of blue clays with intercalated foraminiferal limestones. 


A repetition of these foraminiferal limestones occurs in the 
syncline south of the site of Sabagyidan (20° 4' ; 94° 34') (no village 

Repetition of put of now ex ^ ta )» on the w'est side of the main 
Padannf clays on west range, where the following collection was 

of main range. made 


Lepidocyclina dephantina y Munier-Chalmas==Orbitolitis Man- 
telli Cart. var. theobaldi Cart. 

Lepidocyclina sp. 

Heterostegina sp. 

Schizaster sp. 

A small well-marked fault cuts west-north-west from the main 
strike fault across this limestone syncline, and is visible on the north 
bank of the Man chaung immediately north of the village of 
Thakutpin (20° 4'; 94° 33'). 

To the south-east in Sheets, 84 L/8 and 84 L/12, a shale band, 
which thickens to the south, divides up the Shwezettaw sandstone 
into two main sandstone, scarp-forming bands. The series as such 
is continuous throughout the sheets. 
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The upper band of the Padaung clays thickens considerably, 
and foraminiferal limestones containing Oligocene species develop 
in it along the Man chaung north-west of Padaung (20° 3'; 94° 39'). 
This area is the type locality of the Padaung clays, and whereas it 
is the upper band in this area which provides the Oligocene fauna, 
it is the lower band at Ngaklaingdwin (20° 41'; 94° 23') 40 miles 
to the north in which a similar fauna is found. • 

Throughout the Pegu series, shales have become increasingly 

dominant in this Man chaung section. 

The whole of the section has been described by Dr. Cotter 1 
who states (p. 222):— 

Cotter * Dctcri tions 1 *^ e * >e £ u are and estuarine deposits, 

of lAsxi chaung Section, containing the usual assemblage of fossils which are in the 
middle of the series most frequently characteristic of the 

laminaria zone. 

It is not proposed in this paper to describe the fauna of the Pegu beds, except 
those of their basal division, the “ Siteay&n Shales ” but it is worth noting that as 
one traces the series northwards, there are evidences of shallower and shallower 
water; thus fossil wood is rare but present in the north of the Minbu district near 
NgabJaingdwin (Lat. 20° 41'; Long. 94° 22J') while in the Pakokku (21° 20' ; 
95° 8') district it is abundant in the Pegu series, and the sandstones at times simulate 
the current bedded Irrawaddy series. 

Towards the base of the Pegu series there is an easily recognisable zone of 
clays, blue grey in colour, containing a subordinate bed of grey earthy limestone- 
marked “ C ” on the map—which apparently dies out south of Padaung village. 
Northwards we have not followed it up beyond Pavavwa village. The zone of 
clays is perhaps 1,300-1,500 feet thick, the limestone bed being in the upper part, 
and of a thickness of 35 feet near Thanbayagaing village (locality C.3). About 70 
feet above the limestone at this locality the following fossils were found in the 
whale :— 

Cancellaria rnartiniana Ncetl. 

Cornua protofurvus Ncetl. 

TurriteUa angvXaXa Bow. 

Solarium sp. 

Cytherea sp. 

The limestone bed contains the following both in this and other exposures :— 

Ltpidocydina cUphaniina Munier-ChaJmas. («= OrbitoliU* Manlelli Cart, 
var. theobaldi Cart.) 

Heteroategina sp. 

Pecten (s. str.) sp. cf. subareuatus Tourn. 

In the shales below the limestone at “ C.3 ” the following spades were found :— 

Fascidaria noduloaa Sow. 

Oonus kurahu Linn6. 


i R*c. CM. Sure. lnd. t Vol. XLI, p. 221, (1912). 
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CanceUaria mariiniana Ncetl. 

Tdlina sp. cf protocandida Ncetl. 

Tellina 8p. cf. hilli Ncetl. 

TurriteUa angxdata Sow. 

Strioterebrum sp. 

Pleurotoma cf. karertatca Noctl. 

Ficxda sp. 

Qenota sp. cf. irravadica Natl. 

Dione sp. 

Crab claws. 

and below the limestone at “ C.2 ” a species of Schizaster resembling 8. baluchie - 
ianensis D’Arch. These fossils are characteristic of a Nari age, and most probably 
upper Nari, corresponding with the Lower Aquitanian of Europe. 

“ I obtained from a villager of Thanbayagaing some specimens of Luciva - 
glctwlofia, Desh. which he brought at my request from a locality which he stated 
was north-west of Fayaywa, and which must lie below the “ C ” horizon. The 
Headman of the village also handed me a specimen of the same species, which be 
stated had been found in the Man stream close to his village. Owing to the pressure 
of other work I was unable to \ isit the locality myself. These shales from their 
stratigraphical position and general facies agreeing with Theobald’s description, 1 
are most- probably equivalent to the Sitsayan shales of the Prome district, although 
the country lying between the two areas has not been geologically mapped aB yet, 
and the question must remain undecided until an examination has been made. 

“ The Sitsayan shales, if w e may provisionally so describe the beds alluded to 
ubove, are underlain by a series of massive sandstones alternating with shale beds, 
containing in the upper part (Beds I), E, and F) a Nari, and in the lower beds 
(Beds G, H, I, J) a Khirthar fauna. There appears to be parallelism of strike 
and dip between the two series, but the absence of fossils belonging to the Upper 
Khirthar or to the Tongrian ami Bartonian periods seems to hint at the possibility 
of an unconformity between the Nari beds and the Eocene. 

“ If such unconformity exists, it may be compared to that between the Nari 
and the Khirthar in North-west India. Stuart* also has recently described an un¬ 
conformity below the Sitsayan shales in the Prome area. I am unable to do more 
than draw the boundary between the Pegu and the Eocene by an approximate line, 
since there does not appear to be any lithological difference between the rocks of 
Nari age and those of the Eocene near the boundary ; I have therefore been entirely 
dependent upon fossil evidence. 

44 The following is a list of the species from beds D, E and F which I have 
referred to as being of Nari age :— 

44 The bed marked 44 D ” on the map contains a Vicarya allied to, but apparent¬ 
ly differing in ornamentation from, V. vemeuili d’Arch., fragments of Ostrcea , some 
large Ampullince, and Cardita sp. cf. mutabUU . 

44 Bed E. contains— 

TurriteUa sp. cf. haktnsis Coes. 

Corbula subexarata. d’Arch. 

1 Mtm. OsoL Surv. Ind. t X, p. 269, (1873), 

* Rsc. Oeol. Surv. Ind ., Vol. XXXVIII, p. 262, (1909-10). 
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Donax sp. 

Oardita sp. 

and others, not yet identified. 

Bed F. contains :— 

Oardita sp. cf. keyserlingi d’Arch. and Haime. 

Venus granosa Sow. 

Turbo sp. of. pendjabtnsis d’A. and H. 

Vennetus javanus Martin. 

Surcula sp. cf. voyseyi d’A. and H. 

Trochus sp. cf. cognatus Sow. 

Strombus sp. 

Natica sp. 

Ficula sp. 

Cassis sp. 

From the fossil-bed between the 27th and 28th milestones on the Minbu (20° 
10'; 94° 55')—Ngape (20° 5'; 94° 28') road I obtained an echinoid too damaged 
for accurate determination, but very closely resembling Kuspatangus rostratus D’Arch. 
and Tetlina sp. cf. protocandida Noetl. The former species is of Nari age. 1 

South-west of Thanbayagaing, above the “ G ” horizon (which is of middle 
Khirthar age, and will be described below) a bed of badly preserved echinoids 
occurs, the prevailing genus being Clypeaster. My colleague Dr. G. E. Pilgrim 
has examined these specimens and recognises them as of Nari age. This locality 
being in fairly close proximity to tho “ G.2 ” locality (which contains Vclates 
8chmideliana t and is of middle Khirthar age) and being stratigraphicaily just above 
it, is fairly strong evidence in favour of an unconformity between the Pegus and 
the Eocene, since there is hardly room for rocks of Upper Khirthar or Bartonian 
ages to exist between the two horizons 

At the fossil bed (see map) half way between “ G.2 ” and Padaung village tho 
following were found :— 

Oliva sp. 

Ficula sp. 

Solarium sp. 

Cyprcsa sp. cf. obesa Deeh. 

Tellina sp. 

The fossils from this bed give no definite evidenoe of age. A loose fragment of 
rock containing Operculina was found near this bed on the hill-side. 

The Shwezettaw sandstones west of Padaung consist of an 
alternating series of rocks in which sandstones predominate; shelly 
and limy bands occur in the series and also 
PadSmg!** WC#t °* efflorescent sandstones and in some of the 
water holes in the series there is a strong 
smdl of sulphuretted hydrogen. Three-quarters of a mile west 

1 Vredenburg:—Tertiary system in Sind, Fee. Osol. Surv. Jnd. t XXXIV, p. 189, 

U*#). 
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of Padaung there is a well-marked unconformity which I regard 
as of only local significance as a little lower in the sequence another 
one occurs. 

In describing the Tertiary beds of this Man chaung section? 
in his progress report for the 1909-10 field season, Mr. Sethu Rama 


Mr. S. Rama Rau’s 
description! of Man 
chaung section. 


Rau states he was able to identify eight 
continuous fossil beds and gives their charac¬ 
teristic fossils and age as determined by Cotter 


as follows :—(in descending order). 


Characteristic fossil. 


Bed A. Olivia sp. Nari 

B. Hemiaster sp. . 

Nuculasp. t Nftn 

C. Schizastcr sp. 
Hclerostegina sp. }*Nari 
Lepidocyclina sp. J 

D. Vicarya sp. Nari 

E. Donax sp. Nari 

F. Tvrbo sp. Nari 

G. Operculina sp. 


Orthophragmina sp. Khirthar 

H. 

I. Nummulites beaumonti Khirthar. 
Nummulites tredenburgi. 


'i 

^Miocene. 

J 

i 

)»-01igocene. 

I 

J 

'i 

I 

)-Eooene. 

i 

j 


The general dips in the vicinity of the beds are given as follows 
bv the same authority :— 


Near Bed A.28°—30° 

Near Bed B.30°—32° 

Near Bed C.40°—42° 

Near Bed E. F. G. 1.45°-48« 


Mr. Sethu Rama Rau thought the change of dip between Beds 

B. and C. indicated an unconformity, as the beds could be traced 

quite a long distance along their strikes, and in all sections this 
sudden change was observable. 

Southwards in Sheet 113 (84 1/9 and 13), two thick sandstones 
separated by shalv strata, can be recognised at the base of the Pegu 
system. These probably correspond to the 
113*** °* ***** Shwezettaws north of the Man river. In the 

upper gandy band of this series on the Magyi- 

san (19° 57'; 94° 42') road, one mile south of Kyaukpe (19° 59'; 

x 
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94° 41'), fragmentary fossils occur. South-west of Magyisan about 
800 feet of shales overlie the basal sandstones of the Pegu 
system. A thin band of sandstones overlies these shales and then blue 
shales*occur to the confluence just over half a mile south-west of 
Magyisan, where the upper sandstone band mentioned above is met. 
Unfossiliferous shales overlie this latter band and continue to east 
of Magyisan. One mile south-east of Magyisan, Dalton (ibid) 
reports the following assemblage in light blue clays in beds 
dipping north-east. 

Opercidina Hardiei (?) D’A. and H. 

Paracyathus sp. 

Corbtda harpa D’A. and H. 

Dolium sp. 

Pleurotoma Stoppanii (?) Desh. 

From one mile south of Magyisan, Dalton collected Ampullina 
grossa , var. oblonga Desh. and in Yengadin chaung , two miles south 
by east from Magyisan the following :— 

Nummulites sp. 

Area manensis sp. nov. 

AmpuUina spherica (?) Desh. 

Natica sp. cf. N. obscura J. de C. Sowerby. 

Ceritheum sp. cf. Vicarya Verneuili D'Arch. 

Conus sp. 

Ceritheum fragments. 

The last locality of Dalton’s is probably the upper-most bed 

of the Eocene near Tabingyo (19° 55'; 94° 55') village. East of 
Shat? nature of whole Magyisan, shales predominate throughout the 

of Pegu series east of Pegu system and dip at 30° E. 20° N. The 
Magyisan. inter banded sandstones rarely exceed 20 

feet in thickness, whilst limy bands in the series rarely exceed one 
foot. Blue clays probably occur in the proportion of three to 
one of other strata, and it becomes impossible to delineate the 
Padaung clays. The low ridges which strike south-south-east 

are generally formed by the thicker of the sandstone bands. 

From a ferruginous band in shaly strata two hundred feet 

below the Irrawaddy-Pegu boundary one and a half miles north of Kay- 
ugan (19° 57' ; 94° 45'), Mr. Sethu Rama Ran collected specimens of 
Sglarium sp., Conus sp. DendrophyUia spp. and other corals, Th$ 
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dips of the rocks decrease eastwards from the Pegu-Eocene to the 
Irrawaddy-Pegu boundary. 

East by north of Myegya (19° 53'; 94° 44') a similar series of rocks 
is encountered ; a shelly sandstone containing Cardium sp. and Ostrea 
sp. dips N. E. by E. at 10° and forms the ridge just over two miles 
oast-nortl.-east of the village. The whole country is flat and 
featureless and characterised throughout by shales reinforced by 
sandy bunds. Where sandstone reinforcements are more fully 
developed, dissected ridges, striking with the rocks occur. Out¬ 
crops of rock are conspicuously absent and even the basal beds of 
the overlying Irrawaddians to the south-south-west are very ill- 
defined and the boundary consists of a fairly low pebble-capped 
ridge underlain by Pegu shales. 

West of Kyaukpon (19° 50' ; 94° 46'), the basal Pegu beds become 
more sandy, and occur as a series of fawn coloured sandstones, having, 

Local sanding up of at the ba8C » a y elk >w, shelly, finegrained grit. 
Pegut towards Kyauk- The band is over three feet thick and 
pon# persists towards the south ; the shell fragments 

are minute and the band is characterised by small corals. East 
of Kyaukpon, this sanding up of the Pegus is continued in the 
higher horizons in alternating sandstones and shales. In the stream 
due east of Nga-aing (19° 52'; 94° 49'), massive light fawn 

coloured sandstones showing false bedding and local unconformities 
dip 25° north-east. At their base is a shelly band characterised 
by Pectens and below this shales. Shales also characterise the 
Yetbahla (19° 45' ; 94° 52') valley to the south and continue 
higher in the series to west of Mindegale (19° 44'; 94° 54'). They 
are soft, blue, and splintery. Three hundred yards west of 
Mindegale, a fossiliferous horizon contains Ostrea sp., Pecten sp. 
and corals and dips north-east; eastwards and higher in the sequence 
the Pegu system becomes sandy, and soft, fawn (curry powder 
colour when wet) sandstones dip in the same direction at low 
angles (10°—20°); false-bedding becomes common, and hard flaggy 
sandstones occasionally ripple-marked reinforce the softer series. 
This fawn-coloured sandstone is capped by red earth With included 
conglomerates at the Pegu-Irrawaddy boundary. One mile due east 
of Mindegale, where a stream cuts through the boundary a well- 
marked local unconformity occurs. 

The shales of the Yethahla valley pass gradually down into an 
alternating series of shales with soft sandstone reinforcements, 

*2 
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and becomes predominantly sandy just above the Eocene boundary. 

„ , Exposures in the shaly series are rare even 

Upper windy, middle . * , , . , ,, 7 

shaly and lower sandy m the streams and m places the nala& are 

Yethahla° f Pc?U8 ** l 08 *' w ^ ere dams have been built to 

provide paddy cultivation. This sequence of 
sandy strata underlying the Irrawaddv-Pegu boundary and over- 
lying the Pegu-Eocene boundary, with a shaly series in the middle, 
continues south-south-east to Talokvin (19° 34-J'; 94° 57'). 


In the Tiyo (19° 32'; 94° 57') valley to the south a thick band 
of blue shales overlies the alternating strata of the Pegu-Eocene 
Development of boundary. Above this shaly series, north-east 


Okhmintaung 

sandstones. 


ridge 


of Paungkadaw (19° 30' ; 94° 57'), is a sandy 
one which forms the Okhmintaung ridge. 
The shales of the valley pass upwards into shaly, crumbly, blue 
sandstones, which weather conehoidallv, and the latter into a blue 
unfossiliferous sandstone series, in which harder bands form falls 
in the nalas up to 50 feet in height. Above these are shelly sand¬ 
stones alternating with soft fawn sandstones or shales. A fossil 
band at the summit of the ridge contains— 


Melongena acanthina , Dalt. 

Pecten sp. 

Dione dubiosa. 

Dosinia protojuvenilis. 

TurriteUu angulala (2 ribbed form). 


These Okhmintaung ridge sandstones pass upwards into shales of 
the Shwebangaing valley, in which, a quarter of a mile west of 
Shwebangaing village (19° 3'; 94° 58'), is a fault on a N. 15° W. 
strike. 


The dip of the sandstones east of Paungkadaw is E. 10° N. at 
about 20°. To the north the dip steepens to about 35° and the 

Faulted boundary of 8trike swin S 8 to N. 30° W. A fault separates 
Eocene and Pegus south the Okhmintaung ridge sandstones which are 
of Talokyin. 0 f g^gu a g e from the Eocene ridges to the 

immediate west; the fault runs north by east along the line of the 
streams which the Tiyo-Talokyin path follows. Faulting also occurs 
in the Eocene rocks to the north, where contortion is seen in the 
carbonaceous shale series. It also occurs in the Pegus at the base 
of the upper sandy series, one mile east by north of Pyinbinxan 
(19° 38'; 94° 56'). The latter fault strikes N. 20° W. an<J 
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continues south-wards just west of Pt. 941. It is indicated in 
Pyinbinzan chaung by a zone of very broken sandstone and shale 
strata. 

Southwards from Paungkadaw to Paungganaing (19° 29' ; 94 ,J 
47') and Pungyi (19° 27'; 94’ 57V) the whole valley between the 
main Eocene ridges to the west and the Okh- 
d!w*Vtfky 0 / Ptun8ka * mintaung ridge to the east is occupied by 
crumbly blue sandy shales which pass down¬ 
wards towards the west first into fine-grained sandstones and then 
as the dip steepens towards the summit of the ridge into a harder 
series. Lying above these valley shales are the alternating soft 
fawn shelly sandstones of the Okhmintaung ridge. To the south 
these sandstones become softer; more shale bands occur in them 
and they dip at less steep angles. As a consequence the soil cap 
becomes thick and the ridge as a physical feature disappears. 

In the bay of Pegu rocks four miles north-west by west of Kyauk- 
kyi on the western side of the Eocene ridge, the sequence owing to 
the jungle, thick soil cap and broken featureless country cannot be 
made out with any degree of accuracy. The strata overlying the 
Eocene boundary due west of Kyaukkyi (19° 20'; 94° 59') are 
certainly very shaly where they can be seen in the stream sections, 
and also due south of Didubin (19° 23'; 95° O') to the north of 
Kyaukkyi, although a band of massive sandstone occurs in the latter 
shales about half a mile due south of tho latter village. Eastwards 
from Didubin, these shaly strata pass into alternating strata of fine 
fawn sandstones and blue shales which dip at from 70 c -80° E. 20° N. 
to the fault which strikes N. 20’ W. across Daungbyan chaung 
immediately west of Pinmakan (19° 23'; 95° 1'). To the east of 
the fault the strata are horizontal and grade upwards into soft 
fawn sandstones. Near Konkyaukkyi (19° 22'; 94° 5') village, 
sandy strata however overlie Eocene foraininiferal limestone on 
the Kyaukkyi—Konkyaukkyi road. 

On the Thayetmyo (19° 20'; 95° 14')—Mindon (19° 21'; 94° 50') 
road west of Kyaukkyi, shales occur at Mile 21‘4 in the bend of 
Pani chaung but give place only one furlong 
KyauJ&ji* WCt * °* further west, to fossiliferous sandstone doggers, 
from which the following fauna was obtained :— 

Cardium «j>. 

Area mioensis. 

Dosinia protojuvenilis . 
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Tapes protoliraia. 

Tapes sp. 

Dosinia sp. 

Diane sp, 

Pecten sp. 

Immediately north-east of Myebya (19° 22'; 94° 55') and east 
of the Kyauk chaung —Pani chaung junction the following fauna was 
obtained from similar rocks:— 

Clavilithes sp. 

Conus sp. 

FlabeUum sp. 

Cytherea sp. 

Corbula sp. 

Turritella sp. 

At Mile 25*7 a bed of quartzose gravels, dipping 10°-15° south¬ 
east, appear to be intercalated in shaly sandstones and shales. To 
the west this alternating series is underlain at Mile 2G*7 by fine shaly 
sandstones with harder lenticles which dip east by south at 15° and 
the latter at Mile 27*4 by shaly sandy strata. Cravels occur sporadically 
all along the Pani chaung valley, and, in the synclines further north, are 
associated with ferruginous red earth very like that occurring along 
the basal Irrawaddian boundary in the main Irrawaddian outcrop to 
the east. 

On the summit of Hill 786, one and a quarter miles east by 
north of Thakutkyaw (19° 18' ; 94° 56') fine-grained grey, limy, sand¬ 
stones overly the shales of the valley to the w est, 
ThtkuAyaw 1 ” **** °* san( htone series which dip north-east at 

55°, are included rather coarse glauconitic types 
and a soft sandstone crowded with the multi-ribbed form of TurrileUa. 
To the south-east on the Chaungmagyi chaung one an 1 three quarter 
miles east by south of Thakutkyaw, a hard fairly coarse grey limy grit 
dips N. E. by E. at 47°. Shales with soft sandy bands overly this grit 
down-stream and dip at 35° in the same direction. Harder flaggy bands 
then occur in a shale series and are followed by soft, blue sandstones 
with harder limy lenses 3'-6' in diameter which weather unevenly. 
These soft sandstones are efflorescent and fairly thick, and, west 
of the junction a mile north of Pyinaing (19° 17'; 94° 56'), contain 
typical Pegu fossils (Conus, Pecten. Cardium, Area etc.) in a 
three-foot bqnd of fossil conglomerate. The soft sandstones 
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fchen become more shaly and pass upwards into the band of blue 
shales which underlie the Pyinaing-Satle (19° 16' ; 94° 57') valley. 


A mile and a quarter south-east of Thakutkvaw, Eocene shales 
are separated by a cross fault from a sandstone series to the 

Sandstones Theo- sout ^- Rocks of the latter series dip E. 10° N. 
bylt Tiling Ridge : at 70° on the summit of the scarp of the Theobyit 
\ , vs os Taung ridge, where a hard band of shelly lime¬ 

stone is crowded with the multi-ribbed form of TurriteUa. These 
TurriteUa sandstones are correlated with the similar ones found on the 
ridge, one and a third miles to the N. E. by N. being separated 
from them by the cross fault mentioned, as, from where the ascent 
steepens on the northern slopes of the Theobyit Taung ridge (19° 
16' ; 94° 55'), southwards, no Eocene limestone bands were found 
on the same line of strike. The shelly limestone a fore-mentioned 
on the summit of the scarp gives place to the south to hard sand¬ 
stone weathering down joints and giving castellated effects. East¬ 
wards the dip lessens to 60° in hard fawn sandstones, the dip slopes 
of w hich series are bare and lacking in vegetation except for a few 
struggling bamboo clumps in the joints and fissures. The stream 
beds make use of the joints of the rocks and cut down in a series of 
rock chimneys exceedingly hazardous to traverse. 


Towards the base of the slope the sandstones become soft, and 
grade upwards into the shales reinforced by occasional bands of 
fine-grained sandstones of the Pyinaing valley. The sandstones series of 
the Theobyit Taung ridge is the same as that which forms the scarp 
on which the Sliwenattaung Pagoda (19° 16' ; 94° 53') is situated. 

Further south, three-quarters of a mile due west of K&zunm- 
yaung (19° 15V ; 94° 57'), big lenses of harder fine fawn sandstones 
underlie the shale series of the Kazunmyaung-Satle valley. They 
dip K. 20° N. at 45° and pass westwards into massive sandstones. 
These latter sandstones are intercalated with softer bands and stand 
out as a series of dip and scarp slopes bare of vegetation; 
they continue to the summit of the ridge, which is bifid, 
and it is the more westerly branch which continues to Myit- 
myin Taung (19° 14'; 94° 56') to the south. In this sandstone 
series, fossils occur and at a height of 1,100 feet, south east of Theo¬ 
byit Taung peak and for some distance below, casts of gastropods 
were noted in the more limy bands. Where these sandstones have 
weathered, all the lime of the fossils has been leached out and 
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only oasts are left; where unweathered the sandstones are so limy 
and hard that the tests fracture on extraction. 

West of Aukmanein (19° 14'; 94° 57'), a series of blue shales grading 
to soft fine sandstones with irregularly weathering lcnticles, are seen 
in the tributary stream to the Aukmanein chaung. The dip appears 
to be E. 14° S. at about 43° but the bedding is very irregular. In 
the stream, blocks of sandstone contain the multi-ribbed form of 
Turritella angulata. Westwards are fine fairly hard greyish sand¬ 
stones of massive character ; they form a series of small water-falls 
and contain, further west, some well-bedded bands dipping E. 5° N. 
at 70°. On the ‘ col * at the top of the ridge, only debris of fine 
fawn Turritella sandstones occur and they continue south along the 
summit to Myitmyin Taung , whence irregularly bedded and 
jointed sandstones continue practically to Mindon chaung , where 
a fossiliferous band containing Turritella dips east at very low 
angles. Eastwards along the Mindon chaung y similar bluish, 
irregularly-bedded sandstones dip E. 25° S. at 35°, whilst half 
a mile northwest of Singaw (19° 13'; 94° 57') police station, 

a fawn sandstone contains all forms of Turritella angulata 
(Sow). The same sandstone, half a mile further north, is crowded 
with the same species together with a species of Natica. Singaw 
village is situated on shales which occur to east of Myohla 
(19° 13' ; 94° 57') where sandstones overlie 

tr«r*(19^ C |3 /l ” 94° in 57 / ]r These sandstones are alternating 

hard and soft fossiliferous ones and have 

occasional shale intercalations. They can be traced to Kama and 
are co-extensive with the Prome sandstones as mapped in that 
area by Murray Stuart. They are overlain on the Mon chaung to 
the east of Myohla by softish fawn unfossiliferous sandstones which 
grade occasionally into shales. The best fauna from them was 

obtained from a three-foot band of fawn homogeneous micaceous 
sandstone towards the base of the series, on the Mindon chaung 9 
about half a mile due east of Myohla village. 

The following Kama faunas were collected from the series 

one-third and one-half miles east of Myohla respectively. 

(1) From one-third mile east of Myohla .— 

Area mioensis . 

Cardium sp. 

Solarium cf. maximum NoefcL 
Topes protoUrata . 
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Dione cf. Arrakanensis . 

Solen sp. 

Dosinia jyrotsyuvenilis. 

Dione duhiom . 

Corbula prototortuosum cf. Corbula socialis Martin. 

Fusus sp. 

Area sp. 

Tellina Hilli Noetl. 

Dione protophillipinu m 

(2) From one-half mile cast of Myohla — 

Dwidro-phyllia sp. 

Ostrea papyracea. 

Dione protphillipinum rur. elongatu, var. obintlnris. 

Tapes protolirata . 

Dosinia protojuvenilis . 

Tellina pseudohiUi. 

Cardium protosubrugosv, m. 

Area Burnesi. 

Crytospira Burmanica Vred. 

Clavilithes seminudus. 

Terebra (Myurella) Oldhami Vred. 

Oliva tjidamarensis Mart. 

Solarium maximum Philipp. 

Surcula Thcmgasnsis Vred. 

Natica sp. 

Terebrum cf. protoduplicatum Noet. 

Terebra sp. 

Conus sp. 

Surcula sp. cf. Sethuramae Vred. 

Corbula cf. socialis Mart, and prototruncata Noetl. 

Up the Mindon chaung three miles west of Letpwa (19° 14'; 94 ^ 
54'), a sandstone series with harder lenticles dips south-east by south 

Rock* of lower port afc 40 °- Iu this . series J ust over a quarter of 
of Pc*u cystem, Min- a mile east of the junction, a reef of foraminifera 
don chaung . dips g 39 ° S. at 20 ° and is exposed along the 

track for about 350 yards. The foraminifera are Lepidocyclinae 
and are of Oligocene age. In the descent to Lebya (19° 14'; 94° 
52J') along this track the solid geology is obscured by gravels 
sometimes cemented to ferruginous conglomerate. The Lebya 
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valley is underlain by a lenticular sandy series which, dips 
east by south at 35°. 

East by north of Leye (19° 16'; 94° 52J') on the left bank of 
the Mindon chaung , shaly sandstones with shale intercalations dip 
down-stream at 30°, whilst lower down stream above the 
village of Hmaik (19° 15'; 94° 53'), sandstones, with harder 
lenticles, dip south-east at 30°, and weather spheroidally after 
the manner of closely compacted homogeneous shales. There¬ 
after southwards to Letpwa sandy strata dip E. 25° S. at 15°. 

Just above Letpwa village in shaly sandstones is a fossil band 
containing a Melongena fauna. The same series continues to the 
north-east where it is occasionally covered by 
14^*94°* 54*)** gravels. It dips at low angles (10°) in a southerly 

direction, steepening in the stream nearly a mile 
north-east of Letpwa, where massive sandstones with harder lenticles 
occur. The stream passes through narrow joints in this series, 
and strings of pot-holes are common, especially where doggers have 
weathered out. Turritdla sp. and Pecten sp. occur in these 
rocks which belong to the middle sandstone series of the system. 

Further to the north-east on the west side of the valley which 
runs N. N. W. to Thakutkyaw (19° 18' ; 94° 56') vertical shaly 
strata with marly bands occur ; they strike N. W.-S. E. and appear to 
be in the same zone of crushing as was noted further to the north¬ 
west, on the Thakutkyaw-Leye and Kinbongaing-Thambula tracks. 

Half a mile south-east of the village of Letpwa, a bedded series 
of lenticular sandstones dips N. E. by E. at 20°. The lenses in the 
series are composed of fine grey limy, and the 
.1^%“ ^ remainder of fine blue micaceous sandstone. 

The* series exposed on the left bank of the river 
is from 200-300 feet thick and entirely unfossiliferous. Westwards, 
similar blue soft sandstones which dip in the same direction, occur. The 
dips where this series is massive and not too well-exposed are difficult 
to determine owing to weathering' along joints. Eastwards, where 
seen one mile east by south of Letpwa, the dip of this series 
becomes gentler under the villages of Kandwin (19° 13'; 94° 54') 
and Chinhnit (19° 12'; 94° 55'). 

North-west of Chinhnit, unconsolidated quartz gravels and axial 
detritus, the boulders of which attain 12' in diameter, crown the 
ridge which separates Chinhnit from Kandwin village at a height of 
about 200 feet above the level of Mindon chaung. West by 
south from Kandwin, fine micaceous sandstones with harder 
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lenticles dip at 26° on the watershed east of the Mibauk valley. 
The Mibauk valley is underlain by shaly strata with occasional 
limy bands ; at Mibauk homogeneous fine blue shales which break 
up into angular fragments, dip N. E. by E. at 15° in the river 
bed. At Pyagyi (19° 11' ; 94° 53'), three miles to the south-east 
of Mibauk (19° 12 ' ; 94° 52'), fine blue shales weather spheroidally 
and have thin intercalated limy bands which dip E. 27° N. at 
from 35°-40°. North-east from the latter village along the chaung 
of the same name, fine micaceous sandstone intercalations 
appear in the shales. After the stream junction a third of a mile 
north-east of Pyagyi, the series becomes more sandy still, and 
fine fawn bluish sandstones give place to massive hard ones which 
cut across the chaung and dip north-east at 20°. These sandstones 
are some hundreds of feet thick and similar to the Theobyit Taung 
series. The stream whose bed and steep sides are very considerably 
potholed, passes through them in a Reries of joints. Where the valley 
opens out again further to the north-east, the dip flattens to 10 °. 
Major joints on the dip slope follow a N. E.-S. W. strike. 
A series of alternating soft and hard sandstones continues 
down the chaung , in which, below the Pyagyi-Chinhnit stream 
junction, blocks of Turritclla sandstone were noted in the bed of 
the stream. Soft well bedded fine-grained sand stones overlying 
more massive, irregularly bedded, lenticular, sandstones also occur. 
(Plate 12 , figure 2 .) 

In the stream bed one and a half miles due south of Chinhnit 
village, are a series of water-falls, one of which is about 30 feet 
in height, in practically horizontal strata. Above the fall platform 
is a 90-foot cliff; the top 30 feet of this is composed of fine 
sandstones and the lower 60 feet of sandy shales. 

In the Mindon chaung below Chinhnit, the same fine-grained 
micaceous series dips first at low angles in a north by westerly 
direction and then to the south-east by east at about 15° ; the dip 
steepens to over 30° to the north. 

Half a mile south-west by west of Kyaukpadaung (19° 12 '; 


94° 57') alternating fine-grained fawn sandstones and shaly strata 


Kyaukpadaung (19° 
XV ; 94° 57') to Monda 
(19° 8' ; 94° 54 ). 


dip 30° E. 10° N. whilst half a mile 
further along the track in a cutting on the 
bank of Sadon chaung , in alternating hard 


and soft fine-grained sandstones the dip steepens to 65° N. E. by 


E. Where Sadon chaung turns S. E. by S. shales are met. The 
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dips in these shales vary from an estimated one of E. 22 ° N. at 30° 
to horizontal; the shales are fine-grained, blue in colour, and weather 
conchoidally, and in the meanderings of the chaung , cliffs of shales 
40 feet high arc common. Towards the end of this shale valley, 
the dips steepen, and where the Kaingyimaung (19° 9* ; 94° 59') 
track takes off the shales dip E. 30° N. at about 60°. West 
along the Mataungda (19° 8 ' ; 94° 56') track the shales are 
rather sandy and micaceous and dip W. 30° S. at about 75°; 
they pass into fine-grained fawn micaceous sandstones on tho 
watershed. Towards Mataungda the soil cap is very thick and the 
strata probably consist of shales and fine-grained shaly sandstones. 
Immediately north of Mataungda a micaceous sandstone dips 
south-east at 15° and from there up the chaung to the acute angled 
bend one mile east of Monda, shales and shaly sandstones dip at 
about 20 ° south-east. 

About one and a quarter miles north-east of Monda, a thick band 
of fine-grained bluish micaceous sandstone dips E. 15° N. at 30 c . 

This passes into fine-grained fawn micaceous 
94 ®* 54 q a * rCa 8 * lenticular sandstone dipping S. E. by E. at 15° 
in Mataungda chaung to the south-east. 
The stream meanders south over this scries in a bewildering fashion, 
possibly following joints. Close to Monda chaung it sands up and 
fragmentary fossil bands occur in it. Shales and shaly sandstones 
dip E. 18° N. at 30° along the track from Mibauk to Pyagyi, 
whilst from the latter village to Monda, the same series probably 
occur, but the soil cap is very thick and no bedded rocks can 
be seen. 

From the junction of Monda chaung , one mile east of Monda 
south-westwards along the southern branch, very fine shaly sand¬ 
stones dip south-east at low angles and weather spheroidally. They 
become shaly to the south-west and there is a fair amount of vein 
calcite in the chaung bed. This shaly series persists to three-quarters 
of a mile south by west of Monda, where intercalated limy bands 
dip south-east at 30° and at 40° where a small fault crosses the 
chaung in a S. 15° E. direction and displaces the strata a distance 
of 12 feet. The same alternating series continues up-stream to one 
mile S. W. by S. of Monda where a 20-foot Land of Eocene 
foraminiferal limestone occurs on the south bank in strata dipping 
S. E. at 48°. • 
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(iyltiye arc*. 


On Kyein Taung , S. E. by S. of Monda, fine-grained blue micace¬ 
ous sandstones dip E. 30° N. at 30° ; a similar series both with and 
without doggers occurs on the steep northern slope of the hill 
where calcareous tufa is occasionally found. No foraminiferal 
limestone was found either in situ or as debris, but in the same series 
in Mataungda chaung to the north-east, gritty bands with comminut¬ 
ed shell fragments occur. 

Half a mile south-east of Gyinye (19° 6 ' ; 94 ° 54'), fine-grained 
blue micaceous sandstone intercalated in softer and more shaly 
types, dips north-east at 40° and passes eastwards 
in Gyinye chaung into a series in which the 
sandstones become more dominant. Further down the chcmng 
the series becomes shaly again with harder sandy bands, limy con¬ 
cretions and a little gypsum, whilst the dip has changed to E. 35° 
N. a€ about 35°. There is a fair amount of vein ealcite in the 
chaung about one and a quarter miles east of Gyinye and thereafter 
the stream meanders to its junction writh Monda chaung where 
fine-grained bluish micaceous sandstones wdth more shaly bands 
dip E. 30° N. at 30°. From here up Monda chaung to Mataungda 
practically horizontal fine-grained bluish micaceous sandstones wdth 
doggers occur. Where the doggers weather out big pot-holes are 
formed and in places the lines of doggers do not coincide with the 
bedding. Weathering along joints is common, and owing to this, the 
irregularly occurring doggers, and the massive and homogeneous 
nature of the sandstones, great difficulty is often found in observing 
the direction of dip of the bedding. 

In the chaung half a mile north-west of Yebokkale (19° 5'; 
94° 55'), shales dip E. 5° N. at 40° and continue down the chaung 
to the hamlet, where a few harder bands 
occur and the dip changes to E. 25° N. at 
the same angle. Half a mile south-east of the village, where the 
stream cuts through a small range of hills, these shales with harder 
limy laminations give place to fine-grained blue micaceous banded 
and bedded sandstones, and the stream falls 20 feet down them 
over a dip slope. Sandy unfossiliferous shales, weathering spheroidally, 
succeed the aforementioned and continue to Thapangyo (19° 5'; 

94° 57'), where, in Monda chaung> they dip 
aungyo ■««. ^ ^ ^ g a t 30 ° Occasionally more 

sandy and limy bands occur in the series, which passes northwards 
op the ridge half a mile due north of Taungnyo (19° 6'; 


Yebokkale area. 
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94° 58') into fine-grained massive blue micaceous sandstones. Similar 
rocks occur east of Taungyo and dip at 20° E. 25° N., but become 
horizontal at the site of the village itself, whilst half a mile 
N. N. E. of Taungyo, they dip S. W. by W. at 60° until the dip 
changes suddenly to horizontal, south-east by south of Taungyo 
village. From where Taungyo chaung joins Monda chaung, up¬ 
stream to Thapangyo, the same series continues, the dip steepening 
from N. E. by E. at 15° at the junction to 30° at Thapangyo. Just 
over half a mile west of Kyaukme (19° 1'; 94° 59'), a band of fine 
micaceous sandstones containing harder limy lenses dips E. 35° N. 
at 53° ; they are similar to those of the Monda and Chinhnit areas. 

One mile north by east of Peinnekwin (19° 3'; 94° 58'), soft 
shaly blue sandstones with harder bands dip E. 30° N. at 40° ; they 
pass eastwards to Monda chaung , which, on its south-easterly 
course runs mainly along their strike ; where occasionally it cuts across 
them, pools are invariably found. The dip decreases to 30° 
N. E. by*E. as one passes up in the sequence and down the chaung. 

Similar rocks are found forming the hills one mile due east of 
Peinnekwin, but become more shaly towards the Peinnekwin shale 
valley. South-eastwards the Kyaukme valley consists mostly of 
shaly strata some of which are well exposed in the bank of Made 
chaung due north of Kyaukme (19° 1'; 94° 59') village (Plate 14, 
figure 1). Sandstones overlie them in the gorge to the east. Further 
east and immediately south of Aleywa village, shales and shaly 
sandstones, the hard bands with doggers, similar to the rocks 
seen in Monda chaung , dip E. 30° N. at 55°. 
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CHAPTER X—DETAILED DESCRIPTION 
PEGU SYSTEM— conld. 


OF ROCKS. THE 


Padtdaung-Kyidaung 

ranges. 


The Pegu rocks of the Minbu anticline have been described in 
detail by Pascoe 1 and the mapping where left off by Pascoe, was 
continued south by Cotter and Sethu Rama Rau. The latter carried 
out surveys in Sheet 113 and thence south-eastwards and south into 
Sheets 157 and 158. 

In Sheet 113 Pegu rocks form the Tagaing (19° 56'; 94° 59') 
Tawng and in Sheet 157 the Padidaung (19 c 50' ; 95° 3')—Tamansan 
Taung (19° 48' ; 95° 6')—Kvidaung range (19° 
47' ; 95° 7'). These hill ranges correspond with 
an anticlinal fold and are, according to Sethu 
Rama Rau, made up of steeply inclined alternating Pegu sandstones 
and shales forming regular scarp and dip slopes inclined at angles 
of from 40°—45°. The actual crest of the anticline in the south occurs 
in a median valley composed of shaly strata, occupied in Sheet 157 
by the Kyaukmyaung and Padin chaungs, two tributaries of the 
Padi chaung. Shales characterise the lowest beds exposed and sand¬ 
stones the upper ones. 

Calcareous fossiliferous beds occur in the uppermost Pegu rocks 
of the area. One of these situated from 75—100 feet below the 
Irrawaddy boundary two miles north-west of 
Shiiukping^ PCgU bCd * Shaukpingin (19° 56' ; 95° 1') contains an 

abundance of Area 1 ; it forms the highest marine 
bed in the area and is very constant in its occurrence. Vredenburg 
identified the characteristic Area of the bed as Area rhombea and 
with it Telescapium sublrochlearc. 

The main Tagaing-Padidaung anticline of the area is asymmetrical 
in the north but becomes more symmetrical to the south. It is 
not a continuation of the Minbu anticline which 
•^ , S^Ufw*" Pa4Wa,,,,^ pitches out suddenly on Tazat chaung (latitude 
19° 59') where the country is all very much 
faulted and folded into minor plications, but forms a parallel fold 
to the south-west en tchelon with it. Owing to jungle and the thick 
soil cap it is not possible to locate this faulting on the one-inch 
apale map. The asymmetrical nature of the northern part of the 


1 Jfem. GeoJ. Sunr. Bid., XL, p. 158, (1912). 



270 GEOLOGY OF PARTS OF MINBU AND THAYETMYO. 

Tagaing-Padidaung anticline differs from that of Minbu in that 
it is the western which is the steeply dipping and faulted flank. 

To the south-east in Sheet 157, where the fold is almost 
symmetrical, the dips of the rocks on the eastern flank can be ob¬ 
served between Thabyedaw (19° 52'; 95° 1 O') and Sidaing (19° 49' ; 
95° 8'). At the former village the rocks dip 8° N. E. and steepen 
gradually to 30° N. N. E. at Sidaing. From Sidaing to the south¬ 
west the increase of dip is sudden to the crest of the anticline. 

North of Thabyedaw the Irrawaddy river appears to occupy 

a svncline in the Pegu rocks, as another anticline occurs to the 
cast of Migyaungye (19° 54'; 95° 9') on the east bank of the river. 

West of the southerly end of the Tagaing anticline occurs the 
Mindegyi (19° 48'; 94° 59') anticline in Sheet 113. This anticline 
sii strikes S. 30°—35° E. from where it pitches 

" egy yaw ° ° * out north of Mindegyi, south to Kyawdo (19° 

45'; 95° O'). According to Mr. Sethu Rama Rau this anticline 

is symmetrical ; the crest passes half a mile west of Mindegyi and 
immediately west of Kyawdo and rocks of the upper division of 

the Pegus are exposed in it. Low dips on the crest increase to 

25° W. 25° S and 25° E. 25° N. on the flanks at the Pegu-Irrawaddy 
boundary Between this anticline and that of Padidaung is a 
faulted syncline in which normal dips occur between Kanyingyi 
(19° 47'; 95° 1') and Nyaungwaing (19° 48'; 95° 52') two miles 
to the north-east and abnormal dips near Siywa (19° 46'; 95° 3') 
to the E. S. E. 

To the south eastward, Sheet 158 apparently consists of a series 
of closely packed and very much faulted anticlines and synclines 
of alternating strata of Pegu age. The series is all marine and 

includes both hard and soft argillaceous limy strata, and in the 

hard limy strata, fossils occur. The sandstones are of a brownish 
tint and very friable ; the shales are of a steel blue colour, and, being 
easily weathered, form valleys which support a luxuriant vegeta¬ 
tion of bamboo, whilst rice is also cultivated in them. It is the 
harder limy bands which form the anticlinal hill ranges of the area. 
Away from the actual anticlines, the dips of the rocks are 
very discordant, and it was only possible for Mr. Sethu Rama Rau 
on the old one-ii^ch scale map, to correlate the various rock series 
encountered in a general way. The general strike of the rocks is 
N. W.-8. E. in the north of the area and N.-S. in the south, 
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In the north-west corner of the sheet the Kyawdo-Samaing anti¬ 
cline forms, according to Mr. Sethu Rama Ran, a continuation of 
Kyawdo (19° Ah' ; 95° Mindegyi fold previously mentioned. The 

J^Stmalng (19° 43' ; general direction of the axis is E. 30° S; it 
) anticline. j s asymmetrical, the axis hading to the west. 

Near the crest on the westerly flank the beds dip at an angle of 
10° ; on the opposite flank the steepest dips registered were from 
30°—35°; the crest pitches out to the south-east near Samaing 

village. 

Two miles to the west of the former occurs a minor fold 
called by Mr. Rau, the Kalanzin anticline. It lies to the 
south-west of Kalanzin village, strikes S. 30° 
(I9 m 3"?95° S'). n<IC,l,ie anc * persists for about one and a half 

miles pitching out steeply at both ends. 

The Chaungtha anticline runs E. 40° S. from Chaungtha and 

is traceable for a distance of more than six miles. The southern 

area sinks steeply north by west of Sulegon 
(irTfJf- %T Mint (19 ° 36 ' ; 950 U'). It is symmetrica] and the 
steepest dips exposed on the flanks are from 

35° - -40°. 

The axis of the asymmetrical Yinaing anticline runs S. 35° 
E. Dips noted on the westerly, gently dipping flank near the crest 
were 10° and on the easterly flank 35° (Plate 
5'V*nHcHne* ** 1 14, figure 2). The crest is well-exposed for a 

distance of from two to three miles and 
pitches out gradually in each direction. 

In the south-eastern corner of the sheet the Monatkon anticline 
strikes 8. 10°—15° E. and pitches out to the north ; to the south 
it has suffered from compressional forces and 
95^3^wScBnir 32 faulting. The northerly pitch of the anticline 
is not very well exposed and the dips change 
suddenly from north-west to east. 

A thick outer band of sandstones shows up the structure well, 
whilst a thinner inner band can also be distinguished; shales out¬ 
crop in the centre of the dome. The anticline is asymmetrical, 
the axis hading to the west, whilst dips on the flanks in the outer 
band of sandstones west of Bawywa (19° 31': 95° 3') are low (10° 
—15°). 

L 
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From the outer band of sandstones in the stream five and a half 
furlongs 8. "W. by W. of Bawywa, the following were collected:— 

TurriteUa angulata. Sow, 2 ribbed form. 

Cytherea erycina. 

Docinia 'protojuvenilis 

Conus sp. 

Dione dubiosa 

Pecten sp. 

Melongena acanthina Dalt. 

Melongena sp. 

Area sp. 

whilst from one furlong south-west of Tazigauk (19° 32'; 95° 2') 
the following:— 

Melongena sp. 

TurriteUa angulata Sow. 2 ribbed form. 

Conus sp. 

Area sp. 

The fauna appears to be of Singu age and similar to that of the 
sandstones of the Okhmintaung ridge in Sheet 114 to the west, 
and from which it is separated by the overlying shales of the Shwe- 
bangaing valley. The shales of the centre of the Monatkon dome 
can therefore be correlated with those of the Tiyo valley whicli 
overlie the Pegu-Eooene boundary rocks and underlie the Okhmin¬ 
taung ridge sandstones. 


The Okhmintaung ridge or Monatkon sandstones rise again from 
beneath the shales of the Tazi ehaung valley to the east and north- 
east of Monatkon, and are underlain by a thick 
yan me re«. series of shales around Kyaukme. This lower 

shale series also occurs in the valley one and a half miles west of 
Wunledaung, probably as the core of a broken anticline, as sandstones 
dip south-west from the apparent axis; in these sandstones the 
following specimens were collected in the stream a quarter of a 
mile south-east of Pt. 639 (19° 31'; 95° 6')— 

TurriteUa angulata Sow. 2 ribbed and multi-ribbed forms. 


Conus sp. 

Cytherea erycina. 
Dione dubiosa. 

4rca rnctabistrigata. 
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Tellina sp. 

Dosinia protojuvenilis. 

East from Lontaw (19° 31'; 95° 8') along the Nyaungywa (19° 

32'; 95° 12') track are blue shales. The dip steepens to 50° S. W. 

c . — _ where a thick band of sandstones crosses the 

Sequence cut of Lontaw. AU .. , . w , 

stream. Alternating strata dipping S. W. by 

W. follow and give rise to vertical sandstones demarcating the 

northern extension of the Okpon (19° 22'; 95° 14')—Talabasan (19° 

27' ; 95° 10') fault. From the fault to the ridge at Pt. 1603 the 

soil cap is thick and exposures rare ; tluee quarters of a mile east 

of Pt. 1603, in the stream to the north of the track, much 

fractured grey sandy shales dip south-east at 13°. Harder calcareous 

and arenaceous bands in the shales to the east form water falls 

and the stream course becomes impassable. In the sandstone area 

which intervenes between the upper shales of Tazi ckaung and 

the lower ones of Kyaukme and Lontaw, the strata are crowded 

with various forms of Turritella arujulata. 


Although this Monatkon area is the only part of Sheet 158 
which I personally saw, it appears extremely probable that most 

Correction of Monel- of thc other anticlines in the eastern part of 
kon with anticlines to the sheet consist of the same series of sand- 
east and north-east. stones and shales as form the Monatkon anti¬ 
cline. Certainly the only fossils which Mr. Sethu Rama Rau reports 
from the remaining part of the area are of Singu age. Their 
localities as given by Mr. Sethu Rama Rau are as follows :— 


(1) On the easterly flank of the Kalanzin anticline, south and 

north-west of Kalanzin (19° 44'; 95° 5'). 

(2) On the easterly flank of the Kalanzin anticline, south-west 

of Tubauk (19° 45'; 95° 10'). 

(3) East of Zwegvo (19° 42'; 95° 8') and east of Shadaing 

(19° 36' ; 95° 12') in the synclinal valley on the west 
side of the Chaungtha anticline 
Of this area Yredenburg 1 states :— 

* Along both banks of the Irrawaddy in a northern direction from Thayetmyo 
jto Sinbaungwe (19° 43'; 95 g 12') wherever the lowest beds locally exposed become 
visible as the ieeults of anticlinal structures, the late 
Vredenburg : Leplan- ^ j$j on gethu Rama Rau have recognised a highly 

sc tun*, characteristic layer distinguished by the presence of 


1 Rec. Oeol. Surv. Ind Vol. LI, p. 234, (1920). 


l2 
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thite piAiik species belonging to the genera DtndropkylUa, 8*aatUr and 
• u j'u ^ en ^ ,ro P^y^'^ a an d the Nucula agree specifically with some fossilB 
yie ed by the lowest fossiliferous beds exposed at Singu, so that Mr. Bion and 
Mr. Sethu Rama Rau came to the conclusion that the oldest beds exposed m the 
oountiy to the north and north-east of Thayetmyo belong to the same horizon as 
e o dest beds exposed at Singu. Strata approximately on the horizon 
lo t o* h* 1 m exposed along an anticlinal rise at Leptanzeik 

(19 24 ; 95 14') about six miles north of Thayetmyo. They have yielded three 
determinable Siphonostomata:— 

Terebra quettensis n. sp. 

Surcula fusus n. sp. 

Tritonxdea Martxniana n. sp. 

Terebra quettensis cf. Vredenburg, a characteristic fossil of the Nari of Balu- 
chistan is one of the commonest fossil of the Singu fauna. The extraordinary 

and very easily recognisable shell designated Surcula fusus, .is known from 

a y a 83 ri 8 0 p (20 43 ; 95 4 ) in the Gwegyo anticline of Upper Burma 1 where it 
occurs amidst a fauna of the Minbu type. Tritonidea Martxniana is one of the 
commonest oss* of Yenangyat, Minbu and Singu and of many other localities 
yielding the fauna of the oil-fields. 

The Siphonostomatous fauna of Leptanzeik, scanty though it may be, is tho¬ 
roughly characteristic and entirely corroborates the conclusions arrived at by 
Mr. Bion and Mr. Sethu Rama Rao in placing the oldest beds exposed in the anti¬ 
clines upon a horizon at least as low as that of the lowest beds exposed at Singu.’ 

To the north-north-west in Sheet 114, a soft sandstone series 
underlies the Liuke-Bwegyi Irrawaddian sandstone basin. In these 
Llnke area. so ^ san( ^ s immediately below the Pegu-Irra- 

waddian boundary two miles south of Linke 
(19 41 ; 94 59') the following fauna was collected:— 

ParaUelipiped protortuosum. 

Turritelfa sp. 

Conus sp. 

Meretrix sp. 

Cassidaria sp. 

Galeodia monilifem. 

Coral. 

In the western half of Sheet 159 near Talabasan an Irrawaddy 
onther ib underlain by sandstone bands some of which are breccmted 

Uppermost Ptfv ° nC * ’ m P rp gnated with calcite, and are followed 
rocks: Thsyetmyo area. one and half miles north-east of Tawmnn 
^y ^dstones containing TvrriteBa angulata 
(Sow). The latter are succeeded half a mile to the north-mt by 

. mOWwf*- a *° U *"• Vo '- XXXTI - v- 18J . (1S07-8), Y.L MXVJI. 
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an inextricable mixture of green sandstones and shales in what is 
evidently the fault zone of the Okpo-Talabasan fracture. 

North-east of Thayctkyin (19° 28'; 95° 7') the Irrawaddian 
boundary is demarcated by a steep scarp. West of the outlier, 
the Kadetpin (19° 30'; 95°' 5')—Sanmagyi (19° 27' ; 95° 4') Myinba 
(19° 25'; 95° 6') valley is predominantly shaly, becoming sandy in 
the uppermost beds immediately underlying the Irrawaddy sand¬ 
stones. In the hollow of the valley there are no exposures owing 
to the thick soil cap and cultivation, but the strata appear to be 
flat, the high ground being formed by a sandstone intercalation. 

West of this valley is the Okpon (19° 28'; 95° 3') dome, the southern 
continuation of the Monatkon fold. Between the two is an area 
in the south-west corner of Sheet 158 and 

po int c ne. ^he north-west of Sheet 159 which has been 
very much compressed and faulted. The southerly pitch of the 
fold as a whole affects the southern dome, and the shales exposed 
in the core are not so thick as are seen further north in the Monat- 
kon structure, nor is the inner thin band of sandstones perceptible. 
The outer band of sandstones shows up the structure in the northern 
part of the fold but south-west of Sanmagyi they swing to the 
south-west towards Ngabatkya (19° 25'; 95° 2') and are overlam 
by shales of the Pungyaung chaung valley. They are represented 
on the western limit of the map by sandstones in Pauk chaung. 

In the outer band of sandstones of the Okpon dome the following 
faunas were collected on the eastern flank. 

(1) From a quarter of a mile north-west of Okpon (19° 28'; 95° 

or\ 

O 

Cytherea erycina . 

Dosinia protojuvenilis. 

Ostrea papyracea. 

Dione sp. 

Area metabistrigata. 

Pyrula condita Brogn var. Singuensis Yred. 

Pyrula promensis Yred. 

TdlincB sp. 

(2) From three quarters of a mile south by east of Okpon 

SoUnomya of. Cultellus Mart. 

TurriteUa angtdata Sow. 1, 2 & multi-ribbed forms 
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(3) From half a mile north-north-east of Okpon. 

Fusus (Clavilithes) seminudus . 

Pyrula condita Brogn, var. Singuensis Vred. 

Dione dubiosa Noet. 

Corbula sp. 

TeUina (PhyUoda) foliacia (Reeve). 

TeUina pseudohiUi Noet. 

Cytherea erycina Fav. 

Cardita cf. Viquesneli D’Arch and Haime. 

(4) From three and a quarter miles south-south-east of Okpon :— 
Dosinia protojuvenilis. 

Turritella angulata Sow. 2-ribbed form. 

Cytherea erycina . 

FlabeUum sp. 

Area sp. 

Conus kyudawonensis. 

Galeodia monilifera. 

Ostrea papyracea Noet. 

From the eastern flank of the dome the following fauna was 
collected from just over a mile north-east of Zidaw (19° 27' ; 95° O'). 

Cytherea erycina. 

Cardita cf. protovariegata Noet. 

TeUina sp. 

Pecten sp. 

Area bumesi 

Dosinia protojuvenilis Noet. 

Conus sp. 

Ostrea papyracea . 

Around Banbyin (19° 25'; 95° 5') on Pungyaung chaung are 
•hales. West of the village they dip in an easterly direction for 
about half a mile, to where the crest of the 
broken Banywa anticline is reached. In the 
stream on the north bank is a band of practically horizontal soft 
fine-grained grey sandstone overlain by blue shales. Oil seeps out 
of the sandstone, into which at the time of my visit (1923) hand-dug 
wells were sunk.. Up the tributary to the west are shales followed 
to the north by alternating strata which dip south at 16 °. 
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Between Banbyin and the Thayetmyo-Kyaukkyi road, very 
little can be made of the geological sequence owing to the flat 
nature of the country, the thick soil cap and 
of “r nJ # ° U * h ^e P resence °f small local faults. Five fur¬ 
longs south of Banbyin, a band of fine-grained, 
fawn coloured sandstones dips 50° W. S. W., whilst a similar band 
dips south-west at 16° in the chaung east of Pegadin (19° 24'; 95° 4'). 
These dips are, I think, extraordinary local, and are due to small 
faults having very limited extensions. 


In the stream north of Shanywagyaw (19° 22'; 95° 4'), sandstones 
dip S. S. W. at an average of 10 °, whilst fiom one-third mile 
south-west of the village, Irrawaddy gravels are continuous to 
Yemyet (19° 21 ' ; 95° 4'). 


Good exposures of Pegu rocks are seen along Daungbyan chaung 
north-west of Yemyet whilst a fault strikes N. 20° W., one and a 
quarter miles north-west of Taungmyin (19° 22' ; 
aungmy n area. 950 ^ ^ east 0 f the fault the strata are 

flat and grade upwards from alternating strata into soft fawn sand¬ 
stones. Westwards alternates of fawn fine-grained sandstones and 
blue shales dip from 70° to 80° E. 20° N. These latter are underlain 
in the broken ground around Didubin (19° 23' ; 95° O') by shales 
which form the base of the Pegu system. To the south-west by 
north of Twinlc (19° 18' ; 95° 3') alternating Pegu strata dip S. W. 
by S. and south-east under Irrawaddy sands and gravels. 

On the Yegyi chaung crushed shaly strata occur at the boun¬ 
dary on the north side of the Kokkozan fault. A series of soft 
fawn sandstones which are underlain by thick 
blue shales follows and in the latter, imme¬ 
diately west of the Taungbogyi-Kokkosan road crossing, the follow¬ 
ing fauna was collected :— 

Conus kyudattonensis. 


Cardium sp. 

Dosinia prolojuvenilis Noet. 
Corbula sp. 


Conus sp. 

Dione protophiUipinarum Noet. 
TeUina sp. 
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On the east side of syncline, east of Tanlebin, 

(19° 20*; 95° 8') sandstones at first dip at low angles but 
steepen to 72° S. W. by S. one-third of a 
m mm . m i] e from the village. They art succeeded by 

sandy blue shales, rather papery, and probably, much crushed. Five 
furlongs N. E. by E. of Tanlebin on a N. W. by N. strike, vertical 
fault breccia was noted and was followed down the chaung by a 
mass of broken fawn sandstones. A horizontal cliff section of 50 ft. 
of blue shales, reinforced by bands of limy sandstone one foot thick, 
and capped by ten feet of hard fawn sandstone, then occurs. 
To the east, an easterly dip sets in, and the stream passes 
over a thick band of fairly hard fawn sandstones dipping up to 
55° E. 5° N. These latter are probably repeated by faulting as 
similar sandstones are found lower down the chaung. The dip 
then becomes gentler and soft sandstones and shales succeed the 
latter, and are themselves overlain by alternating fawn sandstones 
and silts below the Irrawaddy boundary. 

To the south older strata arc exposed in the rocks forming the 
Lime Hill (Myinmagyitaung. 1032—19° 17'; 95° IT). This latter 
area was first visited by Oldham, who reported 
wwSl Nti ng(Myln- adversely on the coal which occurs in the 
lowest shaly series exposed in the bill; it is 
mentioned by Theobald 1 who described the strike faulting which 
has occurred and classed the limestones which outcrop as Num- 
mulitics. 

Cotter* describes specimens collected by Theobald purporting 
to come from the Lime Hill, and also specimens collected by 
Mr. Sethu Kama Rau from the same place. 


Theobald’s specimens include three species of Orthopkragmina as 
well as some fragments of a Lepidocydina limestone. Mr. Sethu 
Kama Rau’s specimens included only Lepidocydina. In Records of 
the Geological Survey of India, Yol. LIV, p. 112, (1922), Cotter 
reverts to the age of the rocks of the Lime Hill, and puts forward 
the possibility rhat Theobald’s species of Orthopkragmina came 
from the western part of the Thayetmyo district, where they are 
common, and not from the Lnne Hill, where neither Romanis*, Sethu 


1 Mem. Oeoi. 3un. lnd X, P- 296, (1873). 

* Roc. Qtol. Surv. I%d. t XU, d. 323,(1911). 

• JUe. Choi. 8uto. lnd., XVm, p. 149, (1885). 
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Buis Baa nor H. £L Bios, could find any. i spent a day collecting 
on the Lime HiQ and also found only specimens of Lepidocydina 
and none of Ortkopkragmina. Previously (ante p. 178) I have ex¬ 
pressed doubts about the origin of Theobald’s Triasaic specimens, 
and 1 agree with the doubts expressed by Cotter regarding Theobald’s 
specimens from the Myinmagyitaung area. 

The general structure of the Lime Hill is that of a fold-faulted 
anticline pitching out very steeply to the south-east and gently 
to the north-west. A big strike fault, to the south-west of th<‘ 
summit of the range, forms the western boundary of the oldest 
rocks exposed, and brings rocks of the uppermost sandy series of 
the Pegu system against them on the west side of the fault. North¬ 
eastwards from the fault a sequence of Pegu rocks is obtained. 
They consist of a sh&ly series at the base containing coal seams 
and massive Lepidocydina limestone. These are overlain by a 
sandy series containing Lepidocydince and the latter bv the shaiy 
series which underlie the uppermost sandy series below the Pegu- 
Irrawaddy boundary. Stratigraphically the Lower Sandy Series 
corresponds to the sandstones of the Monatkon and Okpon domes. 

Eighteen miles due west of the Lime Hill Lepidocydina sandstones 
occur in the lower horizons of the Shwenattaung Pagoda hill sand¬ 
stones. 

In the midst of the main Thebyu-Pyaye syncline of Irrawaddy 
•Sandstones is the inlying anticline of Pyaye (19° 12 '; 95° 12'). 

The Ton (19° 13'; 95° 51>-Peikthalin (19° 15' ; 
aye an c . 950 TQfi/ ^ cuts across the anticline and on 

the east the highest Pegu rocks seen are fawn sandstones, which 
underlie Irrawaddy conglomerates and dip W. .V 8. at 40 \ They 
oontinue to the east and form a prominent ridge striking N. 20 ° 
W. On the ridge summit on a bearing W. 5 S. from Peikthalin 
they dip 15° but to the west by Houth the dip steepens to 35°. 
East of the sandstone ridge is a deep elongated valley with a 
thick growth of bamboo jungle underlain by sandy shales or shaly 
mixed strata. This basin is bounded on the east by a range of hills 
composed of gravels and conglomerates dipping E. 5° N. at about 
40°. North and south the anticline pitches out gently under the 
overlying Irrawaddy gravels. 

Outcropping along the bank of the Irrawaddy river between 
the villages of Pyaye and Pato (19° 8 '; 95° 13') is the northern 



280 GEOLOGY OP PARTS OF MINBU AND THAYETMYO. 


extension of the Pyalo anticline. It consist* 
0 m e of Pegu rocks which can be divided into two 

groups, an upper soft one consisting of unfossiliferous alternating 
shales and soft sands, and a lower of harder sandstones, forming 
the mass of the Pt. 602 hill. These are well exposed on the bank 
of the Irrawaddy. Vertical strata occur on the south-west side of 
the exposure both in the Pegus and the overlying Irrawaddy rocks. 
Possibly faulting has taken place along the flanks parallel with the 
axis, and on the south-west flank the upper more shaly group has 
been almost squeezed out. On the north-east the Irrawaddy river 
cuts into the anticline. A fossil band crowded with Cytherea erycina 
was noted half a mile north-east of Pato immediately underlying 
the Irrawaddy basal conglomerates. 

One mile north of Damathaw (19° 7' ; 95° 10') on the Irrawaddy, 
a small hill rises steeply from the surrounding country. It is 
capped by basal Irrawaddy conglomerates underlain on the 
western side by blue shales of the uppermost Pegus of the area. 
Further west are more Irrawaddy conglomerates and a fault striking 
N. 30° W. must occur along the western flank of the hill. 

From one mile south of Subotaung (19° 8'; 95° 8'), north-west 
to the extreme north-west corner of Sheet 160, a broken anticline 
of Pegu rocks is exposed. The anticline pitches 
out to the south-east and finishes in the 
monoclinal structure of the Pyinaing-Myohla valley to the north¬ 
west. The rocks apparently belong to the uppermost Pegu division. 
Half a mile south-west of Kyattandaw (19° 9'; 95° 7') soft fawn 
sandstones dip 40° south-west. In an easterly direction along the 
ridge the dip gradually lessens and after one and one-third miles 
becomes practically horizontal. Low dips in these sandstones cannot 
be relied upon owing to the lenses of harder sandstones included in 
them. In the upper drainage area of Jnbettaw (19° 6'; 95° 7') 
chaung they are overlain by blue sandy shales, which are succeeded 
under the Irrawaddy gravels by soft fawn laminated and false- 
bedded sandstones dipping 30° south-west. Immediately north of 
Natmidauk (19° 10'; 96° 7') in a Pani river cliff section are fawn 
sandstones with intercalated laminated clays; a gas seepage occurs 
on the hill to the east in this series during the rainy season* 

At the nortlkwest comer of Kyattandaw, blue, fawn when wea¬ 
thered, unfossiliferous sandstones dip 15° west by south, whilst half 


Natmi anticline. 
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a mile S. E. by E. of Pabut (19° 12' ; 95° 6 f ) soft fawn sandstones 
dip east by north at 30°. These continue south-east down the Pani 
chaung and a flaggy band intercalated in them north of Natmi 
(19° 10' ; 95° 7') dips due east at 19°. North-west of Natmi 
unfossiliforous horizontal sandstones containing harder lenses occur. 
Westwards to Myinmyintaung (19° 4' ; 95° 4') the dips steepen 
and one-third mile to the north-east of the trigonometrical point a 
dip of 45° south-west was registered. On practically the same strike, 
half a mile N. E. by E. of Magyibin (19° II' ; 95° 3'), similar sand¬ 
stones containing Dosinia sp., Area sp., and Cardium sp. dip 60° 
south-west, and a fracture probably occurs along this line and con¬ 
tinues in a south-easterly direction crossing Pani chaung south of 
Kyattandaw. From Myinmyintaung, north along the watershed 
horizontal sandstones with harder lenses prevail. West from Pau- 
kuga (19° 15' ; 95° 4'), sandstones dip east and contain a fossil 
band crowded with Cytherea crycina (Noet.) and also species of 
Cardium and Pectcn. They are followed to the south-west in the 
valley demarcated by cultnation, by vertical sandstones striking 
about 25° west of north. The junction is sharp and marks a fault. 

To the south-west the dip lessens and becomes horizontal on 
the watershed, changing to south around Ponna (19^ 13' ; 95 J 2') 
where soft fawn sandstones, sometimes fossiliferous art? oxposed. 
In these sandstones half a mile west by north of Ponna the follow¬ 
ing were collected :— 

Cytherea erycina . 

Conus sp. 
i4rca sp. 

TurriteUa sp. 

North of Ponna along the Thazigon road, some of the Pegu sand* 
stones are laminated red and yellow ; they dip south at low angles 
and become horizontal further north where, after a sharp break, the 
dip changes to 27° N. 20° E. and becomes steeper before the Pegu 
rocks are obscured by Irrawaddy gravel detritus. 

On the south-west bank of the Mindon chaung three quarters 
of a mile east of Linywa (19° 12'; 95° 1') a sandy series dips 23° 
east. In the Kaingyimyoung chaung one and a 
w«*4 tank el half miles west of the village a thick band of 
** blue shales dips 46° E. 30° N. It is followed 
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eastwards by a thin band of shelly sandstone and then by more 
shales; thereafter only isolated exposures of sandstones dipping E. 
30° N. are encountered. West of Kyimi (19° 11'; 95° 2') in a 
cH£F section fawn sandstones with stringers of harder lenticles and 
harder bands (8*) dip E. 15° N. at 22°. 


Thangyo Tiling ridge. 


A quarter of a mile N. E. by N. of Thangyotaung (19° 6'; 96° 2') 
the ridge consists of massive blue fine-grained sandstones dipping 
at 70°, E. 25° N. They are succeeded to the 
east by a softer series of similar sandstones 
grading in places into shales; the latter are overlain by a thick 
mass of blue shales continuous for three quarters of a mile across 
the strike to the east, where a 200 ft. band of sandstones dips E. 25 
N. at 40°. Eastwards this dip prevails in alternating hard and soft 
unfossiliferous sandstones but decreases to 32° in the isolated 
exposures which crop out as low hills in the alluvium of the Minduii 
chaung. There is a fossiliferous band immediately west of Punyo 
(19° 7' ; 95° 4') village. To the south on Wetto chaung the same 
sequence is met. with. 


Sequence 

Wntkon. 


west of 


Shales with intercalated thin sandstone bam Is underlie the band 
of hard sandstone immediately below the base of the Irrawaddy 
gravels west of Wutkon (19° 4'; 95° 7'); they 
continue to one and a third miles south of 
Pazeinnein (19° 4' ; 95° 6'), where they are 
underlain by fawn sandstones which dip E. 35° N. at 40°. The 
dip steepens to 50°, one and a half miles south-west of Pazeinnein. 
From this point to east of Tantabin (19° 2' ; 95° 2') blue shales 
prevail. 


Up Monda chaung from Tantabin, fossiliferous strata are again 
absent. The Thangyotaung ridge anticline pitches out very 
suddenly, two and a half miles north by west of Tantabin. To 
the south, bluish fine-grained sandstones weathering to fawn and 
containing bine shale intercalations occur. North-westwards up the 
stream, soft bluish sandstones alternating with slightly harder bands 
of shufy sandstone, which weathers spheroidally, dip at low angles 
varying from IV N. E. to 5° E. 5° N. Towards longitude 96°, 
horizontal strata occupy the valley west of Thangyotaung and are 
by a more study series around Thanpangyo. 
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Situated one mile west by north of Thangyotaung and one mile 
N. E. by E. of Thapangyo is the village of Tanngyo (not marked 
w ^ I on map—19° 6' ; 95° 20') on Taungyo chaung . 

ThaiJy^un^nlHcline! vicinity the rocks are horizontal and 

cultivation is carried out on the residual soil. 
Eastwards from the village up Taungyo chaung a sudden passage 
from horizontal strata to sandstones dipping 50° W. 30° N. takes 
place, and marks the line of a strike fault. Further to the east the 
dip changes to 60° E. 30° N. where a massive band of sandstones 
forms a steep ridge. This latter consists of 600 ft. of fine-grained 
bluish sandstones containing numerous cannon ball like concretions 
loosely set in the main mass. 
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CHAPTER XI.—DETAILED DESCRIPTIONS OF ROCKS. 

IRRAWADDY SYSTEM. 


Physical 

teristlcs. 


charac- 


The Irrawaddy System is described by Pascoe 1 as consisting 

generally 1 of a series of looeec lean friable light yellow sand-rock * highly current- 
bedded and frequently iron stained ; it often contains concretions of hard calcareous 
sandstone, whilst at the base the most typical feature is the number of thin incon¬ 
stant ferruginous conglomeratic bands. 

The iron-staining of the sandB most frequently coincides with the current¬ 
bedding planes, but may be quite independent of them. 
The sand consists for the most part of water-worn sub- 
angular quartz with a little inter-mixed felspar and is 
a much purer deposit than the typical Pegu sandstone. Mica is frequently a 
constituent, especially in the higher beds whilst a great deal of ferruginous matter 
is present mostly in the form of small concretions of limonitc or haematite. A 
oommon type of such concretions occurring in strings and layers in the sand-rock 
consists of an external crust of concentric layers of haematite or limonite, sphe¬ 
roidal, ellipsoidal or fantastically irregular in shape enclosing a kernel loose or 
otherwise of yellow or red ochre or of white clay : the external surface is roughened 
with adherent sand-particles. 

Some of the ferruginous conglomerates, usually the lowest are loose ]>ebbly 
sands, the pebbles consisting entirely or almost entirely of clay, coated with iron 
oxide, while others are hard resistant bands from one to six or occasionally ten 
feet thick in which pebbles of hard stone, especially of milky quartz with or with¬ 
out the clay pebbles, arc cemented together in a hard ferruginous matrix. Quartz 
forms the bulk of the pebbles, but pebbles of sandstone, ochreous mudstone, schist, 
quartz-veined schist and dark shale also occur. The series is characterised generally 
by dicotyledonous and more rarely by monocotyledonous fossil-woo 1 which is 
generally known as “ Injyin Kyauk ” from its resemblance to the living Ingyin 
tree ( Penlacone suavis). It occurs in the soft-sand rock sometimes as trunks up 
to 60 feet long and 3 feet in diameter. Where it occurs profusely plinths of pegeda* 
are built of it.’ 

The conglomerate horizons occasionally contain the remains of 
vertebrates and it is from these that the age of the series has been 
determined. The basal beds are referred by 
system °* ,rriwa4Wlmn G. E. Pilgrim 1 to the Pikermi stage or Upper 
Pontian. Cotter 3 sums up the age of the series 
in the following words:— 

4 Perhaps too much stress has been laid upon the Pontian and too little upon the 

Pliocene, age of the Irrawaddy series. A collection from the basa l i beds 

at Yenangy&ung 4 has been shown by Pilgrim to contain a Dhok Path&n (Pikermi). 


* Mem. OtoL 8urv. Ind „ XL, Pt. I, p. 33 et «$?., (1912). 

• Bee. Ged. Bvrv . Ind „ XL,p. 196, (1910). 

• Bec. Qeol. Surv . Ind., LIV, p. 116, (1922). 

♦ Mem. Geol. Surv. Ind., XL, H 1, p. 66, (1912). 
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or Upper Ponti&n fauna. The higher horizons of the Irrawaddies at Yenangyanng 
are sparsely foasiliferous, and the presence of Stegodon cHfti recorded by Pilgrim, 
and of Rhinoceros sp. l=siuUtnsis by Pascoe may perhaps indicate a Tatrot horizon 
(Lower Pliocene) for the higher horizons. The fauna found by myself near Chaing- 
zauk in the Pakokku district 1 is undoubtedly Tatrot in age and indicates the Lower 
Pliocene. Further vertebrate evidence is wanting; the genera Dorcatherinm, 
Telmatodon, (Jadttrcotheri recorded from Burma by Pilgrim all come from the 
Pegu scries. The fossil Unionidae from the basal Irrawaddy beds in Thajetmyo 
district descrilied by E. Vredonburg and B. Pcrshad* are closely related to living 
species, while the single Melaniid found ( Acrosloma tariabile) is still living. 
Although the evidence is meagre, such as there is favours the view that the bulk 
of the Irrawaddy scries is Pliocene.’ 

In the north of Sheet 84-L/7, the Irrawaddy sandstones consist 
of fawn-coloured false-bedded sandstones which, in their lower 
horizons, are banded with thin ferruginous con- 
SheetT^L/L M " dit0nCi ^ omerate8 » the detritus of which caps the 
small hills of the flat though broken type of 
country of the area. Slight eastern dips prevail and a quarter of a 
mile east of Sinlu (20° 2f>' ; 94° 27') along the Salin (20° 35' ; 94° 40') 
road, where the road cuts through a low steeply scarped ridge, a 
white sandstone band similar to the white bed in the Upper Pegu rocks 
of the Singu anticline, though not so well defined in its limits, dips 
28° east, the average dip of the series cast of Sinlu. 

The main ferruginous basal conglomerates of the series form a 
high scarp rising to a height of 1,100 feet about three miles south by 
west of Sinlu, but gradually become lower northwards where varia¬ 
tions in thickness occur and the several members composing the 
band l>ecorae more evident. Basal conglomeratic zone is probably 
the most suitable name for this scarp-forming series in this area. 

A similar basal series is fouud south of Mezali (20" 18' ; 94° 30') 
in the Tanbotaung (Pt. 1412) hill range which, Cotter, in a 

progress report, describes as alternate beds of sandstone and 

reddish conglomerates in which conglomerates prevail. Aocording 

to Cotter, from the base of the series upwards to at least 
4,000 feet, rocks of this type occur and the conglomerate, being 
soft, easily weathers into n red pebble and silty deposit. The 

base of the Irrawaddi seiies is hereabouts characterised by large 
trunks of silicified fossil-wood, but in the upper beds to the east 
fossil-wood appears to be rare. In these upper beds, the Irrawaddy 
aeries are silty sand and clay, resembling the description given 

* Rec. Osol. Sure. J*f., XLV, p. 12«, (1915). 

» Jfcc. Gtol. Svrv. Ind ., U, p. 371, (19?0-$1). 
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by Theobald 1 although occasional bands of conglomerate do occur. 
Red earth covers the Irrawaddi series in many places and 
becomes general, completely concealing the underlying rocks, along 
the eastern boundary. It grades insensibly into low alluvium 
and on the lower levels has probably been redeposited. It 
frequently contains kankar, the best occurrence being in the 
low-lying area about two miles west of Kalahaung village 
(20° 18'; 94° 42'). 

In Sheet 112 to the south, the gravelly nature of the beds in the 
region of the western boundary of the Irrawaddy syncline and of 
their more sandy occurrence to the east, are 
Series in Sheet 112. mentioned in Cotter’s progress report for 
1909-10, as also is the manner in which alluvial 
deposits obscure the Pegu-Irrawaddian boundary in the extreme 
south-east corner of the sheet on the flanks of the Minbu anticline, 
w T here the boundary is marked by a ferruginous conglomerate 
underlain by a horizon containing selenite. Selenite was also noted 
by Dr. Cotter in the Irrawaddian series south-south-west of Yethava 
(20° 4'; 95° O') and we«t of Pt. 309. # 

In Sheet 113 the Irrawaddian rocks occupy the syncline formed 
bv the western Pegu outcrops and the Minbu and Tagaing anticlines. 

On the west between the deserted village of 
Seriet In Sheet I U. Knyugan (19° 57'; 94° 45') and Kyunbya 

(19° 56'; 94° 48') the Pegu-Irrawaddian boundary is, according to 
Sethu Rama Ran, demarcated by a quartzose pebbly conglomerate 
with a ferruginous cement. In this area conglomerates are abundant, 
shales and sandstones are poorly developed, and siliceous fossil- 
wood occurs only sparsely. Bands containing vertebrate remains 
are absent whilst pebbles in the conglomerates attain three inches 
in diameter. 

At Mile 55 on the Yenaman (19° 47'; 94° 57')—Tatrngu road 
(19° 54'; 94° 58'), the boundary conglomerates dip north-east at 
about 20°; at Mile 61 the series are practically horizontal, whilst 
in Shwedaw chaung west of Mile 65 on the same road, they dip 25° 
west. 

The basal beds' of the Irrawaddy series forming the western 
flank of the Tagaing anticline dip steeply at from 60°-70°. The 
Pegu-Irrawaddian boundary south of the Tazat (19° 59'; *4° 59') 

» Mm 8*". Jn4^ VnL X, p. M, <»71)* 
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Series In Sheet 114. 


ckawiff and on the eastern side of the Tagaing anticline has been 
affected by the faulting and minor folding which separates the latter 
anticline from that of the Minbu one to the north. 

The base of the Irrawaddy series on the west, which further north 
is characterised by thick ferruginous conglomerates forming a hi gh and 
prominent ridge, becomes more gravelly to the 
south in Sheet 114 and is represented by a string 
of low gravel-covered bills. In the Linke (19° 42' : 94° 59*)— 
Bwegyi (19° 36': 94° 59') basin, the limits are not at all clearly 
defined in the north. Conglomerates are only seen in Linke 6Kaw*g 
in the north, and west of Bwegyi in the south. In both these places 
they occur as false-bedded coarse conglomerates and as lenticular 
stringers in fawn to reddish sandstones. They are generally under¬ 
lain by a sandy series of Upper Pegus, but south-west of Kyunbya 
(19° 57' : 94° 49') an exception occurs where shales underlie the 
boundary. 


At the Pegu-Irrawaddy boundary three quarters of a mile east 
of Mindegale (19° 44' : 94° 54') a local unconformity of the nature 
of a 1 wash-out * is visible. The basal Irra- 
Intwlddieu* * ** ***** waddiea here are represented by red earth with 
included conglomerates, which are fairly soft, 
slightly ferruginous and decompose very readily to gravel, so that 
from here southwards, except where fairly large nalas cross, the 
boundary is only seen as a broken line of scarps, scattered by in¬ 
numerable quartz and quartz breccia pebbles, the soil having the 
typical red ferruginous colour of the junction series. 

In Sheet 159 Bion’s mapping as published by Cotter 1 was conti¬ 
nued. In marching from Thayetmyo (19° 20 ' : 95° 14') to Taw- 
gyaung (19° 26': 95° 9'), I did not find Bion’s 
Secta In Sh«ft . Irrawaddy boundary', which runs from one mile 
south by west of Talabasan in the direction of Padaukpin village, 
showed any evidence of faulting either at Mile 9-2 on the Tawmtm 
(19° 26': 95° 9') road or on the Pun chaung north of Kunnon (19* 
25': 95° 10'). 

A small transverse fault was noted just over a mile south of' 
Tawgyaung on the Tawmun road, followed by a bigger and parallel 
one r unning west by south along the stream, where the road crosses* 
at Shwedaw Pagoda. Both these faults strike W. 30° 8 . and 


1 JUc. (hoU fferv. Ini* LIV, pp. ltt-lit, 
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down-throw to the south and are probably responsible for the 
easterly trend of the Irrawaddy boundary to the west. North of 
the faults, the Irrawaddy boundary encloses the villages in the 
basin of the Tazi chaung and extends northwards to half a mile 
north of Thayetkyin (19° 28': 95° 7') but does not enclose the 
village of Thavetmyin (19° 28': 95° 6'), which lies on uppermost 
Pegu strata. One mile west of Tawgyaung the Irrawaddian strata 
are composed of fine yellow, white and red sands. * 

Irrawaddian outcrops to the south in Sheet 159, consist of a big 
syncline with a subsidiary one on its south-west flank. The 
formation consists chiefly of gravels sometimes ferruginous and 
always false-bedded where seen in cliff sections. They have been 
described by Theobald 1 as a belt of low hills much scored by ravines 
and made up of fossil wood beds. 

In the subsidiary syncline one mile west of Pt. 599 typical fawn 
Irrawaddy sands are seen and again half a mile east by north of 
Pt. 543 on the Twinle (19° 18': 95° 3')—Legu 

JSSSutSST < 19 ° 17 ' : 95 ° O')- The fault mentioned 

in the descriptions of Pegu rocks as being on 
Daungbyan chaung to the north (p. 223) appears to continue south¬ 
wards down the valley of the Pani chaung , as on the east of the river 
alluvium, only gravel hills are seen, whilst on the west bank opposite 
Taungbogyi (19° 18': 95° 3') alternates of sandstones and shale of 
the Pegu system, dip south-east at low angles. 

The latter are overlain by gravels of the western Irrawaddy 
syncline; westwards along the boundary, the dip steepens and 
merges into a fault. This fault continues into Sheet 115 and 
crosses Kokkozan (19° 19': 94° 59') chaung immediately south 

of the village of that name. 

A parallel fault cuts across the extreme south-west corner of the 
sheet and forms for a short distance the southern boundary of the 
same syncline. The western boundary runs west of the 546-581 
ridge along a high scarp underlain by Pegu strata, the nature of 
which cannot be clearly made out owing to grave] detritus, but as 
taungya cultivation is carried on, it is probably of a shaly nature. 
It is underlain by an alternating sequence in which sandstones 
predominate. 

The mftin Irrawaddy sandstone outlier to the east ends in a northerly 
direction half a mile south of Taungmyin (19° 22': 95° 2'), where hori- 

> Mm. Qed. Butt. Jnd. f X, pp. 248, 281, (1873). 
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zontal conglomerate is seen underlain by fawn 
Syncliite. Irrawaddtan sandstones. From here the eastern boundary 
crosses the Thayetmyo-Kyaukkvi road at 
Mile 13*4 and then meanders along the high ground, west and north¬ 
west of Tanlebin, overlying horizontal upper Pegu Sandstones for the 
most part, although south of Nathe Dak Bungalow (19° 21' : 95° 7') 
conglomerates were seen overlying definitely shaly strata. The 
boundary then crosses Minde chaung at the stream junction one and 
a half miles west of Minde, and after forming an arc around a 
small but well accentuated anticline one and a quarter miles 
S. 10° E. of Minde, ends up close to the Lime Hill fault. 

The northern part is underlain by fawn sandstones at Mile 
13-2 on the Mindon Road. Eastwards these sandstones develop thin 
(1 mm.) laminations of clay and in places they grade into clays 
with thin micaceous sandy laminae. At Mile 12-2 gravels lie on red 
earth and are probably due to overlapping by the uppermost 
Irrawaddy gravels; at Mile 11 shales predominate. Fawn 
sandstones occur in Tanlebin and Minde chaungs underlying 
Irrawaddian strata but the strata in the southerly pitching end of 
the anticline one and a quarter miles south of Minde are shales. Dips 
in these shales are not reliable. 

To the south-east, this big exposure of Irrawaddian sands and 
gravels continues across Sheet 160. There is a general tendency 
for the formation to be more gravelly and 

” * conglomeratic to the south-west than to the 

north-east, where fawn and white sands are intercalated. The basal 
conglomeratic beds dip steeply on the flanks of the Pyaye 
anticline five miles west of Peikthalin, and on the south-western 
flanks of the northern extension of the Pyalo dome. In this latter 
area at a point two miles north of Pato they are vertical and strike 
parallel to the main axis of the fold. High gravel cliffs occur 
from Subotaung (19° 8': 95° 8') north to the Pyaye anticline and 
also one and a half miles west of Subotaung. These cliffs can be 
seen from the river as scars on the distant hills. 

South-east of Yamo (19° 12': 95° 1') and south-east of Magyibin 
(19° 11': 95° 3') the Irrawaddy gravels do not appear to attain any 
great thickness nor on the Kyundawgon (19° 
JSS?"* °* Mtad °“ 5 ' : 95 ° 6 ') “d Wutkon (19° S': 96° 8') Ml* 
on the south side of the Mindon chaung where 
they cap the hills and dip north-east under the valley alluvium. 
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A- quarter of a mile north by west of Kama, (19° 1': 95° 9') faulting 
seems to have let down a small wedge of Irrawaddies among fawn 
Upper Pegu sandstones. 

From Ton (19° 13': 95° 5') along the Peikthalin (19° 15' : 95° 13') 
road Irrawaddian conglomerates, dipping west at low angles occur 
in a 20-feet cliff section in the stream three miles north-east 
of Ton. The included quartzose pebbles range up to 6" in dia¬ 
meter but are generally about 1"; the conglomerates are false 
bedded, locally unconformable and contain highly ferruginous 
patches. Specific dips in them mean nothing and where dips have 
been registered in the map, they have been judged from the general 
appearance of a cliff section. Three miles north-east by east of Ton 
the conglomerates have a westerly dip and contain silicified fossil 
wood. To the west the dip apparently changes to a low easterly 
one. North from Ton up the Pani chaung all exposures of 
conglomerates are practically horizontal. 

West of Paukuga (19° 15': 95° 4') Irrawaddy gravels and con¬ 
glomerates form the high ground on the Ponna-Milaung Road at 
the northern extremity of the sheet; they are bounded on the south 
by the Paukuga fault and are succeeded to the north-east in Sheet 
159 first by sandstones and then by horizontal shales. 

South of Subotaung, gravels tongue up the spurs from the south¬ 
east ; to the north soft fawn sandstones are intercalated in them. 

North-west of Shasibo (19° 7' : 95° O') 

cteung* 1 * °* M,ndon pisolites of iron-ore are common, and one 
and a half miles north-east by north of 
Inbettaw (19° 6': 95° 7'), gravels occur in a cliff section in the 
chaung lying unconformably on soft fawn laminated and false- 
bedded Pegu sandstones. Fawn laminated Irrawaddy sands 
dipping 30° south-west are intercalated in these gravels, whilst 
two miles north of Inbettaw, cliffs of false-bedded gravels attain 
heights of from 50-100 ft., and contain ferruginous lenticles and 
lenticles of blue gravels. 

The cliff on the Irrawaddy below Kanni (19° 13': 95° 12') consists 
of fawn Irrawaddy sands with intercalated ferruginous gravels, 
whilst in the hills to the north-west soft fawn Irrawaddy sandstones 
pass westwards into gravels. Between Peikthalin and Kanni 
gravel covered hills and fawn sandstones occur. 
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CHAPTER XII.—ECONOMIC GEOLOGY. 

Petroleum. 

In Burma the general conditions governing the formation and 
accumulation of mineral oil are those provided by a rapidly 
alternating series of sandstones and shales of shallow water 
marine type. These conditions obtain in the central anticlinical 
oil-fields of Burma, namely those of Yenangyat, Singu and 
Yenangyaung, which are situated slightly to the east of the 
axis of the Yenangyaung synclinal basin. According to Lepper 1 
closed structures which do not have direct access to this syncline 
have proved to contain little or no oil, and Lepper concludes 
from this that most of the oil of the main oil-fields has 
migrated into them from the shaly sediments of the median syncline. 
From this Lepper develops a thesis that the essential condition for 
the occurrence of oil-fields in Burma seems to be the preservation 
and formation of closed structures on the margins of extensive 
depressed shale areas in the general basin of deposition. This 
opinion one might add is based on the actual drilling experience and 
detailed geological work of the Burma Oil Company. As will be 
apparent, rapidly alternating sandstone and shale strata of shallow 
marine type are most likely to occur on the margins of depressed 
areas. 

In the western outcrops of Upper Eocene and Pegu rocks of 
Minbu and Thayetmyo, and in the Pegu rocks of Western Thayetmyo, 
oil and gas seepages are common, but so far attempts at exploitation 
have met with little success, and as in the area to the north 
described by Cotter, little remains to be recorded since the 
publication in 1912 of Sir Edwin Pascoe’s memoir on the oil-fields 
of Burma. The area has been thoroughly searched, but a brief 
record of the attempts for production that have been made is not 
out of place. 

Kyetyobin (19° 23 ' ; 94° 23 ').—Oil seepages occur west of the 
Shashibo nala in the Minbu district, and in 1921-22 a bore was sunk 
into the sandy series of Pegu rocks which occurs above the Padauug 
fllays at Kyetyobin, north of the Mon river, by the Union Oil Com¬ 
pany, Ltd. The rocks form a normal monoclinal sequence of alter¬ 
nating sandstones and shales dipping east at from 30°-35° and no 

1 World Petroleum Congress, London, Proceeding*, Vol. 1, p. 30, 
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anticlinal or terrace structure is apparent in them. The venture 
was abandoned when the bore had reached 1,600 feet without meet¬ 
ing with success. It was probably occasioned by the occurrence 
of oil seepages, and the success which shallow wells were obtaining 
at the time on a similar monoclinal structure at Yenaman to the 
south. 

Yenaman (19° 47 ' : 94° 48 ').—South of the Man river numerous 
seepages occur in rocks both immediately above and below the 
Pegu-Eocene boundary. Both these seepage zones persist to the 
south and it is the upper of these which has and is being exploited 
at the present time at Yenaman. 

The structure of this area has been variously interpreted. 
Murray Stuart 1 interprets it as an anticlinal structure concealed 
below an overthrust. Stamp 2 interprets it as a pocket of oil-bearing 
sands situated in the midst of a group of laminated sands and clays 
forming a homocline (or monocline) with a steady easterly dip of 
20 ° to 25°. 

West of Yenaman is a thick series of fawn to bluish sandstones 
with shale intercalations which dip north-east at from 30°-35°. 
The sandstones are false-bedded and locally unconformable. The 
oil is contained in the sandstone series which becomes more shaly 
both northwards and southwards along the strike. Westwards on 
the Pegu-Eocene boundary a normal conformable sequence dips 
north-east at 40° ; further to the west the main range forms a faulted 
anticline of Eocene rocks, and mud volcanoes and gas pools occur 
along the fault on the western flank of the anticline at Yegubwet 
and to the south. So far as the evidence goes, Murray Stuart's 
interpretation is purely hypothetical, and the probable solution is 
that mentioned by Stamp, namely, the sealing up of local lenses of* 
oil sand by clays. Lepper 3 mentions that dip faults cross the Yena¬ 
man* monoclinal structure close to the oil-fields. 

The productive area forms a narrow triangle having its 
base about 350-400 yards long on the west, parallel with the 
Pegu-Eocene boundary, and tapering to the east to its apex 1,100 
yards distant. In all 80 wells have been drilled in three areas 
since 1920 by the Indo-Burma Oil Company (1920), Ltd. In the 
western area the oil sands vary from a depth of 360 feet in the west 

* Joum. Inst. Petr. Tech., VoL XL p. 484 (fig. 2), (1925). 

■ Joum. InsL B*r. Tech^ VoL XV, p. 326, (1920). 

9 Loc. ciL, p. 20, (1983). 
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to 910 feet, 400 yards to the east-north-east, the zone between 500- 
700 feet being the most productive; to the north water occurs with 
the oil. During the first three years of exploitation gas was en¬ 
countered in the oil sands in this area but the only occurrence of 
importance was at 810 feet in well No. 50. The eastern area which 
fills in the acute apex of the triangle contains oil sands between 800 
and 1,300 feet. In most of these gas occurs; one well obtained oil 
at 490 feet. The median southern area obtained oil and gas at 
horizons between 1,000 and 1,300 feet, although here again an excep¬ 
tion occurred where oil was obtained in one well at 353 feet. The 
logs of the wells seem to show and the occurrence of gas to prove the 
sealing up of small oil-sand lenticles by shale in the easterly dipping 
monocline of Lower Pegu strata. Test wells to the north and south 
have failed to prove the extension of this small and declining field. 

PadauJcpin (19° 22': 95° 7 ').—One of the latest accounts of this 
field together with a map and section of the anticline made by 
Mr. T. R. H. Garrett for the Premier Oil Company is given by Stamp 1 
The various tests that have been made to develop the field, first by 
the Burma Oil Company in 1905-08, and in more recent times by the 
Indo-Burma Oil-fields (1920), Ltd., are mentioned. Further details 
of the area are also given by Barber. 2 

In all 30 wells have been drilled on this anticline by the Indo- 
Burma Oilfields (1920), Ltd., since 1920; of these 14 are shallow 
and tap the oil-sand which has in the past been exploited by hand- 
dug wells. In the deepest of these wells, No. 21 (428'), oil sands 
were encountered at 38'-39', 46'-60 / , 78'-89', 124'-192', 250'-277', 
396'-420'. Of the 4 deep * wells the oil, gas and water sands logged 
in No. 11 well which was sunk to 1,88G' are given below as being 
typical:— 


No. 11 well. 

Oil Sands. 

1886 

20—40 
110—120 


200 

850—860 

1070—1075 


1400 


1418—1435 


1770 


1815 


Gas Sands. 

Water Sands. 

110—120 

• • 

850—860 

860—880 

1070—1075 

1040 

1315—1320 

1075—1080 

J 41 8—1435 

. # 

1770 

1776 

,, 

1886 


* Loo. tit., p. 327, (1929). 

■ Mmu tool Surv. /**., LXVI, Pt. 1, p. 97, (1936), 
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Minbu (90° IV : 94° 53').—The Minbu anticline is described in 
detail by Pascoe 1 who gives a 4 inch=l mile map (Plate 38) cover¬ 
ing the important and only parts of it which have proved produc¬ 
tive. According to Pascoe the structure is that of an acute anti¬ 
cline slightly overfolded towards the east. The beds on the west 
very often dip as steeply as those on the east, but the asymmetry 
of the anticline is due more to irregularities in shape than to the 
greater steepness of the eastern limb over the western. These 
irregularities suggested to Pascoe intermittency of the folding 
movement; they are of considerable interest and can be followed 
fairly easily in the field. The flexure is sharp and deeply denuded; 
it is not unlike that of Yenangyat but has reached a more advanced 
stage. 

Lepper 2 mentions that of the several pools which occur on this 
structure the field near Minbu town, and the Palanyon and Yethaya 
areas further south are the most important. 

The Minbu or Shwelinban area occurs on the north side of the 
fault which runs north-north-east and oblique to the main Minbu 
anticline immediately to the west of Minbu town. It is along this 
fault that the mud volcanoes and gas pools shown in Plates 40-43 
of Pascoe’s memoir occur. North-west of this fault the dips of 
the strata are more gentle than in the main anticline to the south 
and the whole structure pitches to the north first at from 12° to 
15° and then at 6° to the north of Minbu town in Blocks 2S, 2N and 
19P where the crest of the fold is duplicated. In these blocks the 
^concentration of oil is apparently due to the terrace so formed in 
Miocene strata. In all about 270 wells have been drilled and draw 
their oil mainly from depths of 450 and 750 feet although sands are 
common between 100 and 1,000 feet. 

Three wells drilled by the British Burma Petroleum Company 
on the same contour in Block 19P appear to show that the sands 
are lenticular. Early wells of this company came in at about 25 
barrels a day, but dropped to between one and five barrels within six 
months; one well flowed for a month. Recently the report of a flow 
from another shallow well in this area lends additional evidence 
for the view that the oil sands occur as small lenses. 

According to Barber 3 one well was drilled to 2,200 feet in this 
area without obtaining oil in profitable quantities, and none has 
1 Mem. Oeol. 8urv. Ind., XL, Pt. 1, p. 158, (1912). 
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yet been won from below the shallow zone. Between 1926 and 
1929 an attempt at drilling a deep well with rotary equipment 
near the northern boundary of Block 2S had to be abandoned at 
1224 feet owing to the heaving of the formation. No gas sands 
have been penetrated in this area and the oil* produced from the 
shallow sands is almost free from gas. 

HtaukshaJbin Field (19° 9' : 94° 53 '). (Block 6S, Minbu anti¬ 
cline).—A few shallow wells have been drilled by the Burma Oil 
Company in this area in Miocene strata. The area is generally 
included with that of Shwelinban to the north as the Minbu field. 

The Palanyon Field (Blocks US and 13S) (20° 6': 95° 54').— 
This field lies on a crest maximum or local dome on the main Minbu 
anticline south of Minbu in strata of Oligocene age. According 
to Barber 1 good sections of the strata are afforded by the stream 
which crosses the northern portions of Blocks 13S and 14S where 
the folding is acute and asymmetrical. The steeply dipping beds 
of the eastern limb are truncated by a strike fault hading to the 
east; east of the fault the beds exposed at the surface are slightly 
inverted. The field was located and is worked by the Burma Oil 
Company Ltd. Early wells situated near the crest of the structure 
passed through the axial plane into the steeply dipping beds of the 
eastern limb without obtaining oil. Since 1912 over 20 wells have 
been drilled in this area and produce from sands at depths of approxi¬ 
mately 900, 1,400, 1,600 and 2,300 feet. Details of the gas sands 
which were met with in drilling between 1,000 and 2,400 feet afe 
given by Barber. 2 * The most productive gas sand was found in 
Well No. 26 at a depth of 2,261 feet; it gave an estimated yield 
of 1,800,000 cubic feet per day. 

The Yethaya Field (Minbu anticline 20° 5': 94° 57').—The 
small Yethaya field is, according to Lepper 3 , situated on a local dome 
in Block FS. close to and east of the main axis of the Minbu anti¬ 
cline, which runs through Blocks 15S and AS to the west. 
According to Barber 4 the dome is asymmetrical but the axial plane 
hades slightly to the east in contrast to that of the main structure. 
The same authority states that in 1912 the only sands which were 
exploited in the field were the shallow sands of Block 18S to the 
north, the most important of which were at depths of 300 and 600 

1 Mem. Oeol. Surv. Ind. f LXVI, Pt. 1, p. 66, (1936). 
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feet. Since that time over 50 wells have been drilled by the Burma 
Oil Company in Block FS and in addition to the 600-foot sand, pro¬ 
ductive sands have been exploited at depths of approximately 
900, 1,400, 1,500, 1,700, and 1,900 feet whilst further oil-sands have 
been recorded at depths of 2,100, 2,800, 3,800 and 4,100. 

The oil-sands in this field are rich in gas and pockets of free gas 
have been of frequent occurrence states Barber 1 in giving details 
of the gas occurrences in both this area and in Block AS. to the 
west where gas was encountered in a well of the Irrawaddy Petro¬ 
leum Syndicate on the southerly pitching end of the Palanyon 
dome. 

During 1911-13 the British Burma Petroleum Company Ltd., 
drilled fourteen wells to depths of 700'-l,009' in Block 18S. The 
wells gave an initial production of 100 barrels a day. More recently, 
in 1924, a well was drilled by the same Company to 1,060 feet, met 
with no success and was abandoned. The surface rocks exposed 
in the small subsidiary Yethaya dome are of Miocene age. 

All the four fields mentioned above on the Minbu anticline have 
now practically completed all drilling of economic value for locally 
proved sands and are mainly producing fields, the results from 
deeper drilling having not been encouraging. 

Sakangyi ( 19 ° 23': 95° 7'). —Just north of the main Thayetmyo- 
Mindon road between Miles 5 and 6, four wells were drilled in 1924- 
25 by the British Burma Petroleum Company on a small terrace 
on the nose of the northerly pitching anticline of Upper Pegu rocks 
which occurs between the Thayetmyo and Tawmun exposures of 
Irrawaddian gravels and sands. The first well came in at about 
100 barrels a day from a depth of from 545-550 feet but dropped 
at once to 25 barrels a day and very soon after to ten barrels. 
Subsequent wells sunk were all failures; the first reached a depth 
of 2,480 feet and had a show of oil from 565 to 595 feet; the second 
was abandoned at 700 feet and the third at 2,700 feet. 

Banbyin ( 19 ° 25': 95° 2'). —Banbyin is mentioned by Pascoe* 
who notes it as on the north-westerly continuation of the Padauk- 
pin anticline. According to Barber* between the years 1904 and 
1906 four wells were drilled by the Burma Oil Company near the 
village of Banbyin. A little oil and gas associated with salt-water 

1 Mem. Oeol. Sum. Ind., LXVL Pt. 1, p. 67. (1935). 

* Loe. oily p. 171, it. seq- (1912). 

• Menu 4A a*r f. Jnd^ LXVI, Pt. 1, p. 98, (1935). 
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was encountered in Well No. 1 at a depth of 800 feet and a little oil 
and gas at a depth of 140 feet in No. 2. No occurrences of gas were 
recorded in the logs of the other two wells. 

The crest of the broken anticline of Banbyin passes across the 
stream bed about half a mile west of Banbyin village and on the 
north side of the stream a horizontal sandstone from which oil 
seeps is overlain by shale. Hand-dug wells have been sunk into 
this sandstone intermittently from time immemorial and in 1930 
further attempts were made when eight hand-dug wells were put 
down, the deepest to a depth of 60 feet. Oil and gas were found 
in every hole between 31 and 45 feet, one barrel per week being the 
best production obtained from an individual well. 

Tagaing (19° 56' : 94° 58 ').—The small and short lived oil-field 
of Tagaing was developed on the north pitching nose of one of the 
most northerly of the anticlines which occur in the big exposure 
of Pegu rocks west of the Irrawaddy in Sheet 158. To the south 
this structure is steeply folded and faulted and low beds of the 
Pegu System are exposed in it. According to Stamp, 1 who gives a 
sketch map of the northerly end of the structure, the oil was appa¬ 
rently held up by a 4 terrace ’ caused by a change of pitch. Barber 2 
states that between 1914 and 1922, six wells were drilled near 
Tagaing in Blocks 6, 7, 10, 11, 14 and 15 of the area officially known 
as the Minhla oil-field. In 1919 the Burma Oil Company became 
interested in the area and details of the oil and gas sands met 
with between 200 feet and 2,545 feet in the various wells are given 
by Barber from information supplied by that company. The field 
commenced with a production of nearly 23,000 gallons in 1914, 
reached its maximum of nearly 114,000 gallons in 1919, dwindled 
to just over 66,000 gallons in 1^21 and thence was no more. 

The Mindegyi (19° 48': 94° 56')—Kyawdo (19° 45': 95° 0 )— 
Yinaing uplift (19° 40': 95° 2').—This structure lies en Echelon, 
to the south-west of the Tagaing anticline, and about eight miles 
east of the Yenaman field ; its northern end is separated from the 
two areas named by bays of Irrawaddian strata and successively 
lower Miocene and Oligocene strata are met with from the north 
southwards along this symmetrical fold. According to Stamp* 
a deep test well was commenced in 1911 by the Burma Oil Company 


* In*. Pet, Tech., XV, p. 339, (1929). 

* Log, eft. p. 101, (1935). 

* Loo. ciL, p. 339, (1929). 
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at Kyawdo and taken to a depth of 3,628 feet, faint shows of oil 
being struck at 1,463, 1,637 and about 2,300 feet, and a show at 
2,627 feet which was regarded as 4 good for two or three barrels \ 
Barber 1 reports of the same wells that small shows of gas were 
encountered between 861 and 867 feet, at 2,658 feet, and at 3,410 
feet. The Yinaing area was tested by the Burma Oil Company 
by two holes in 1911-12. These reached 900 and 600 feet and 
no oil shows were obtained. Lepper 2 reports that no commercial 
success attended the efforts of the Burma Oil Company in the drilling 
of several wells on this structure. Three wells were drilled by the 
Indo-Burma Oil-fields (1,920) Ltd., near Mindegyi (19° 48': 94° 
58') to depths of 1075, 950 and 800 feet respectively. Shows of 
gas were encountered in the first and second wells ; no oil production 
was obtained. 

Monatkon (19° 32 : 95° 1')—Okpon (19° 28 '; 95° 2').—About 
20 miles north-west of Thayetmyo and immediately to the east of 
the syncline bordering the western outcrops the Monatkon-Okpon 
structure has been tested by the drill, so far without success, in an 
attempt to find oil below the thick Oligocene clays which occupy 
the cores of the two structures. 

Monatkon .—About 1912-13 the Burma Oil Company drilled a 
hole on the Monatkon structure to 1,550 feet. A second hole was 
taken to 1,240 feet and then to over 3,000 feet but without success. 
At the present time (December, 1936) the same Company is still 
continuing with a bore which has reached almost 8,000 feet. So 
far no economic success has been attained and the bore must by 
now be well down into Eocene strata. 

Okpon .—About 1922-23 the Ipdo-Burma Oil-fields (1920) Ltd., 
drilled a well to about 2,000 feet on this structure but met with no 
success. According to Barber 8 two further wells were drilled in 
1925 and 1926 by the same Company. In the first well, which was 
taken to a depth of 3,000 feet, no gas was encountered, but in the 
second well gas was found at a depth of 1,135 feet. 

Pyaye (19° 12': 26° 10'). —This structure is formed of a small 
exposure of rocks of the uppermost Pegu series of just over two 
equare miles in area and occurs in the midst of the main exposure 
of Irr&waddian rocks south-west of Thayetmyo and eight miles 

1 Mem, Ota, Bmrv. Ind, t LXYI, Pt. 1, p. 100, (1035). 

* £ 00 . 10, (1933). 

»£oe.<&, p. 99, (1935). 
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distant from tbat town. It was mapped originally about 1912 
by Murray Stuart who at that time regarded the upper-most Pegu 
rocks as marine Irrawaddies. Later it was examined by Stamp 
for the Indo-Burma Petroleum Company. Although there was 
no written record of the existence of this structure it was shown 
on the 1*=1 mile map of that area which was supplied to the general 
public by the Geological Survey of India. 

Stamp 1 describes the area in the following words:— 

“ 11 is a beautiful little open dome with dips on all sides. The area of Peguan 
exposed is about two and half miles long and the greatest breadth rather over a mile. 
Only a thin skin of the exposed Peguan rock* has been removed and the Peguan 
exposure forms a marked ridge. From this ridge there is a beautifully developed 
radial drainage, whilst the lowest beds of the Irrawaddian sands form an inward 
facing escarpment through which the streams break by picturesque little gorges. 
The writer studied the ground in detail in the height of the hot season—in April 
1924 —when the nearest water had to be brought in buckets for a distance of over 
three miles, and when every tree in the ‘ indaing * forest and scrub was leafless. 
But the view from the Peguan ridge, with the silver Irrawaddy shimmering in the 
far distance, was sufficient compensation for a thermometer which wandered up 
to 110° every afternoon. In spite of the numerous failures in the Thayetmyo 
district, it seemed that the Pyayo dome was exceptionally promising. In the first 
place, the structure was ideal, in the second place the gathering ground of about 
40 square miles was exceptionally good ; in the third plaoe there was a good chance 
of shallow oil in the upper sandy beds of the Peguan os well as at lower horizons 

coiresponding with the Padaukpin horizon :.the I. B. P. put down 

a test and got a small show of oil at the upper horizon, then passed through a great 
thickness of Bh&le, to strike a tremendous gas sand 

This gas sand was struck in Well No. 1 on the 13th July 1926 
at a depth of 2,525 feet and the yield of gas was found to be 39,000,000 
cubic feet; on the 20th August the yield of gas was again measured 
and found to be 30,668,000 cubic feet. The well was closed down 
by order of the Government of Burma, but meanwhile over 30,000,000 
cubic feet of gas per day were lost over a period of eight months. 
Further details of the wells sunk, the gas sands encountered and the 
operations by which Well No. 1 was eventually brought under control 
are given by Barber 2 who regards 30,000 million cubic feet as a 
conservative estimate of the volume of gas remaining in the known 
gas sands of the Pyaye field. 

Although no oil in economic quantity has been as yet obtained 
from the Pyaye dome, the deepest well has only penetrated to a 
depth of 2,525 feet. The area cannot therefore be said to have 

1 Loc. LXVL Pt. 1, p. 336, (1929). 

• Loc . cU. t pp. 89-97, (1935). 
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been thoroughly tested and as the conditions for the accumulation 
and concentration of oil are of such exceptional favour, it will be 
very remarkable if the company holding the area do not sink a 
deep test as soon as the more pressing needs of drilling in competitive 
areas abates. 

In 1935 the Burma Cement Company was floated by Messrs. 
Steels Ltd., Kangoon, the agents of the Indo-Burma Petroleum 
Company, to utilise the Oligocene limestone which occurs on the 
Lime Hill (Myinmagitaung) close at hand for the production of 
cement and the gas of the Pyaye dome as fuel. 

It is of interest to note that in 1936 in looking through old maps 
in the Geological Survey of India files, I found a £* to the mile map 
of Theobald showing the Pyaye structure marked on it. In an 
accompanying £" to the mile map, the geology however is identical 
with that shown on the £* to the mile map which accompanies 
Theobald’s memoir. 1 

Coal. 

Coal or carbonaceous shale was noted in the Eocene rocks of the 
western outcrops from the northern limit of the area, south to the 
latitude of Thayetmyo and mention has been made in the text of 
the majority of the occurrences. Their co-ordinates are given 
below:— 

(1) One and a quarter miles west by south of Myauk-u (20° 

29': 94° 19' 30"). 

(2) Two miles east by north of Magyisan. (20° 26': 94° 19'), 

(3) One and a quarter miles N. E. by N. of Kyi-on (20° 23': 

94° 20'). 

(4) One mile south-east of Kyi-on (20° 22': 94° 20'). 

(6) Two miles east of Pa-aing E. (20° 15': 94° 22'). 

(6) Immediately south and one mile south-east by south of 

Peinhnebin, Manchaung. (20° 5': 94° 32'). 

(7) Kyaukset (20° 2': 94° 38'). 

(8) One and a half miles north-west of Kyet-u-bok (20° 0': 

94° 38'). 

(9) One and a half miles south by west of Kyet-u-bok (19° 

. 58': 94° 40'). 

(10) Two .and a quarter miles west by south of Magyisan. 
(19° 66': 94° 40'). 

* Mm. QtoL Sure. Ind., VoLX.Pt. 2, (1872). 
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(11) One mile S. S. W. of Tabingyo. (19° 54': 94° 41'). 

(12) Two miles west by north of Kanni. (19° 52': 94° 37 # ). 

(13) Two miles south by west of Kyaukpon. (19° 48': 94° 46'). 

(14) One and a quarter miles South by west of Thabyemyaung. 

(19° 46': 94° 48'). 

(15) Pani chaung , one mile south of Myothit. (19° 44': 94° 41'). 

(16) One and a half miles south of Gwegyaw (19° 42': 94° 51'). 

(17) Two miles W. S. W. of Kanywa. (19° 41': 94° 53'). 

(18) Two and three-quarter miles W. S. W. of Singaing. (19° 

40': 94° 54'). 

(19) One and a quarter miles W. S. W. of Talokyin. (19° 34': 

94° 56'). 

(20) One mile north-west of Mibauk. (19° 27': 94° 52'). 

(21) One and a half miles south ofPungyi. (19° 25': 94° 58'). 

(22) Kyaukkala. (19° 27' : 94° 44'). 

(23) In the lowest shales of the Pegu series below the Lepido- 

cyclina limestones of the Lime Hill, five miles south 
of Thayetmyo (19° 16': 95° 11'). 

All these coal seams are lenticular and inconsistent in their 
occurrence. Generally they are associated with shales, occasion¬ 
ally highly contorted, and none of them are of economic importance. 
Their occurrence has been mentioned owing to the perennial nature 
of enquiries concerning them. 


Steatite. 

The steatite mines of the Minbu district were examined by Hay¬ 
den 1 in 1896. The two chief localities are (1) 30 miles west of the 
village of Hpa-aing (20° 15': 94° 23') and (2) 12 miles west of Shauk- 
taung (19° 58': 94° 28') in the Ngape township. The steatite 
occurs in veins in the serpentine so common along the fringe of the 
Arakan Yoma. These bands have a maximum thickness of 9 inches. 
The method of working is primitive, a shaft being sunk on the vein 
and worked until all the steatite is extracted, the shaft following 
all the ramifications of the primary vein and any subsidiary ones 
subsequently met. No attempt is made at ventilation and extrac¬ 
tion ceases during the rains. No production has been reported 
for many years. A sample from this locality tested by Mallet 1 
was of good quality, pale green in colour, compact, and cut freely. 


i JBao. Gaol. Surv. Ind XXIX, Pfc. 4, pp. 71-76 (1896), 



368 GEOLOGY OF PARTS OF MINBU AND THAYETMYO. 


Chromite. 

Chromite has been reported from the western part of the Thayet- 
myo district from three miles north-west of Kadaing village (19° 
22': 94° 39'), where it occurs as segregations in the serpentine intru¬ 
sion through which the Mindon chaung flows. The occurrence is 
apparently only of academic interest as Theobald 1 in describing 
the serpentine fails to mention it. Bion in his field note-book for 
the 1914-15 field-season mentions the occurrence of chromite as 
a segregation in the same serpentine, but does not amplify the 
statement further, and one can only conclude that its occurrence 
was rare. 

I made a fairly exhaustive search in the serpentine occurrence 
three miles west of Gyobin (19° 3': 94° 52'), 35 miles to the south¬ 
east, but failed to find any chromite either in situ or as boulders in 
the stream bed which cuts through the serpentine. 

The area north-west of Kadaing has been held under prospect¬ 
ing license for chromite at various periods but never more than 
laboratory samples have been produced from it. 

Limestone. 

The foraminiferal limestones of Oligocene and Eocene age noted 
in the descriptive pages are suitable for the manufacture of cement. 
In general the situations of the main outcrops are at present rather 
remote, but owing to the proximity of the Pyaye gas-field which 
can be utilised as a fuel for the kilns, and the Irrawaddy river for 
transportation, the examination of the possibilities of the Lepido - 
cydina limestone of the Lime Hill (Myinmagyitaung) was taken in 
hand some years ago by Messrs. Steels Ltd. As a result the 
Burma Cement Company was floated in 1935 to exploit the limestone 
of the Lime Hill in conjunction with gas from the Pyaye field. 
The project is not yet in the production stage but it has 
as large shareholders the group of companies comprising the 
Cement Marketing Company of India, Ltd., the Associated Port¬ 
land Cement Manufactures Ltd., the British Portland Cement Co., 
Ltd., and the Tunnel Portland Cement Co., Ltd,, and appears 
to be assured of success. That this is the opinion of the general 
public can be gathered from the fact that the capital was greatly 
oversubscribed and the Rs. 10 shares now stand at over Bs. 20. 

1 Mtm. Choi . Surv. Ind. t X, p. 144, (187C). 
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APPENDIX I. 

SUMMARY OF STAMP AND LORD'S PAPER 1 ON THE ECOLOGY 
OF PART OF THE RIVERINE TRACT OF BURMA. 

“ 1. Irrawadian Sands and Gravels .—In well-drained, i.e ., in 
slightly rolling, country in the south the characteristic vegetation 
is the Tectova grandis forest (Teak Forest). Indeed, in the area 
under consideration practically all the teak forests are on Irrawad- 
dian and one only finds a few scattered trees on the sandier portions 
of the Pegu. Teak seems to be limited by an annual rainfall of 
about 37 inches and is not found far north of Thayetmyo (37*34 
inches) and Allanmyo (38*29 inches). Even there all the teak 
is what is technically known as “ stunted ” teak—a fully grown tree 
having a girth of less than five feet at a height of five feet from the 
ground—and many of the trees have a bole divided almost to the 
base. From this latitude northwards the Irrawaddian is covered 
by the Dipterocarpus-Pentacmc forests (Eng forests or Induing 
and Ingyin forests). Typical forest of these types is well seen 
in the broad svncline about 50 miles north-west of Thayetmyo. 
North-east of Prome both Teak and Eng forests are found on 
Irrawaddian rocks—especially the latter. Eng forests seem to thrive 
on the lightest soils—almost pure sands whilst teak is more fre¬ 
quently found on the more clayey hill-wash from the Irrawaddian. 
As the rainfall drops below 34 or 35 inches, Dipterocarpus tuber - 
culatus (Eng) disappears and then Pentacme suavis (Ingyin), and 
their place is taken by a varied assemblage of trees but particularly 
by Diosphyros birmaniea and Terminalia tomentosa. Comparatively 
large and healthy Acacia catechu and Teclona hamiltonn are numerous 
and this type of forest may be called the Diospyros forest, though in 
reality it is very mixed. The type may be studied east of Sin-* 
baungwe and, less perfectly, south-west of Minbu, Northwards, 
Acacia catechu and Tectona hamiltonii increase in importance and 
one gets the Acacia catechu-Tectona hamiUonii forest (Sha-Dahat 
forest). Finally, as may be observed near Minlindaung, Ycnang- 
yaung, the natural vegetation of the Irrawaddian is a very thin 
Acacia catechu thorn scrub and, locally, the Euphorbia thorn 
scrub or semi-desert. 

This general scheme is affected by several important factors. 

1 L. Dudley Stamp and Leslie Lord.—The Ecology of Part of the Riverine Tract of 
Burma.—Journal of Ecology (Yol. XI. No. 2, p. 140 et. seq. September 1923). 

N 
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1. In Plateau country and especially where the Irrawaddian is 
horizontal, the iron salts tend to “ pan *' and water rapidly runs 
off. Frequently in the midst of a typical Eng forest one finds 
level areas covered with Acacia thorn forest or even with Acacia 
thorn scrub. This is well seen near Pogyi, east of Sinbaungwe. 

2. Tracts of pale plastic interbedded clays may also give rise to 
poor vegetation. The Eng-Ingyin forests passed into what is 
practically an Ingyin savannah (well seen north-west of Lehla). 
On the other hand, there are areas of these clays where the vegeta¬ 
tion—especially the undergrowth—is distinctly richer (see p. 144). 

3. Near stream courses the vegetation tends to be much more 
varied. This may be noted along the Kyini chaung (eastwards 
from Allanmyo) and also near Kyauksaungsan. 

4. The Irrawaddian is often largely obscured by level tracts of 
alluvium—which are usually cultivated but when left become covered 
with Zizyphus thorn scrub. Cultivated land, when allowed to 
lie fallow for a few years, develops this type of vegetation. 

5. Rolling Irrawaddian country furnishes good ground-nut soil 
and the natural vegetation is often obscured by cultivation. 

“ 2. Pegu Sands and Loams. —It has already been stated that 
most of the hill-ranges which border the River Irrawaddy are built 
up of steeply dipping Pegu rocks—hard sandstone bonds alternating 
with soft sandstones or shales. The distribution of vegetation is 
largely controlled by configuration, but the hills arc characteristi¬ 
cally covered by a mixed Savannah forest, at least as far north as 
opposite Sinbaungwe. Bamboo is abundant and a feature fre¬ 
quently to be observed is that the spurs of the hills are covered 
mainly by bamboo (Dendrocalamus strictus) whilst the trees occupy 
the intervening depressions and gorges. 1 Teak occurs as far north 
as Kama or even as Thayetmyo but only as scattered trees. It 
is difficult to name typical trees in this mixed forest (see Section Y) 
but Vitex limonifolia is very common in the south (e.g. t at Kama); 
further north Heterophragma adenophyllum and Dolichandrone sti¬ 
pulate are noteworthy (south of Thayetmyo) Ingyin (Pentacme 
8uavi8) is common as far north as Sinbaungwe. Though not numeri¬ 
cally strong Bombax insigme is conspicuous owing to its being leafless 
from nearly November onward. On somewhat lower ground the 

1 Ontaide $he area studied, from 80 miles east of Prome eastwards, the great teak 
reserves are on highly folded, sandy Pegu rocks. The drainage is good and rainfall 
probably just over 60 inches. 
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sandy bands in the Pegu clays may be picked out by the 
recurrence of the Ingyin or Diosphros forests of the Irrawaddian 
(as near Obogon and Monatkon and Yenangyi). Similarly, the 
dip-slopes of the thin sandstone bands which occur in the midst 
of the Pegu clays— as opposite Sinbaungwe—are covered with a 
low r but rich woodland (Acacia catechu and Teciona hamiltonii) 
which contrasts strangely with the bare scarp slopes of the clays. 
From Migyaungye and Mini)la northwards the large quantity of 
gypsum in the clay bands has a deleterious effect and the Acacia - 
Tectona thorn forest prevails. On the Pegu of Minbu this has 
passed to an Acacia thorn scrub or even to the Euphorbia semi- 
desert, though the latter is more characteristic of the Pegu inlicr of 
Yenangyaung. 

“3. Pegu Clays. —As a whole the stiff, imbedded clays of the 
Pegu tend to be unfavourable to vegetation though the soils which 
they yield vary to an extraordinary degree according to the rainfall. 
In the south the tract of Sitsayan Shales around Sitsayan may be 
taken as typical. Its vegetation has not been studied in detail 
but seems to be mainly a Bamboo-^4cuc/« savannah forest. In 
Section V this is treated as a modification of the Acacia thorn 
forest. There is a dense middle story of bamboo and small trees, 
an undergrowth of long grass, especially in patches and scattered 
larger trees. The latter includes Tcrminalia bialata, Acacia catechu 
and Zizyphus jujvba —all trees characteristic of drier regions on 

a more open soil. Here as elsewhere, it is to be noted that 

bamboo has a deleterious effect on small grasses and the 

ground between the clumps of bamboo is often bare. A similar 
Bamboo-i4cucta community occurs on the Pegu clays west of Thay- 
etmyo. Further north-west, over large areas wherever surface 

drainage is moderately good, a Tectona hafniJlovii—Tcrvdnalia oli~ 
veri savannah forest is typical of the Pegu clays. Whenever 
drainage is bad over level stretches of plateau, etc., this gives place 
to the Acacia catechu thorn forest. Where the rainfall drops 

below about 35 inches the “ Kyattimye '* type of soil develops and 
the thorn forest passes to the Acacia catechu thorn scrub. The 
latter type of vegetation covers large areas near the river from Tha- 

yetmyo northwards to Minhla. At times there are large bare 

patches where even the Acacia catechu fails to grow, elsewhere the 

general barrenness is relieved by richer growth near stream courses 
or in hollows with better drainage where there is a little sand or 

N 2 
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bands of sandstone in the clays (as opposite Sinbaungwe) or where 
there is a superficial covering of gravel. North of Minhla all the 
Pegu clays tend to be sandy (Minbu Anticline) but the more clayey 
portions carry a thin Acacia catechu thorn scrub grading into the 
Euphorbia semi-desert. 

“ It should be noted here that the line marked on the folding 
map as the southern limit of the Kyattimye is the limit of the area 
within which this type of soil is predominant or characteristic; 
scattered patches do occur further south. The presence of a little 
lime makes a considerable difference in the vegetation on the 
Pegu clays. There is only one instance in the district under 
consideration and that is the Tondaung or Lime-Hill, near Thayetmyo 
where a band of limestone occurs in the midst of clays and sandy 
clays. One finds even teak growing fairly commonly on the clay 
slopes, other trees are varied and bamboo undergrowth isconspicuous. 

“ 4. Chaung Alluvium and Hill-Wash. —Much of this land is cul¬ 
tivated but wherever level tracts have been left they are almost 
invariably covered by Zizyphus thorn scrub, varying in richness 
according to the rainfall; in the south being associated with bamboo, 
in the north with the wild Castor ( Ricinus communis) or with Jatropha 
spp. Wherever drainage is better and near chaungs the “ hed¬ 
ge-row vegetation ” characterised by Combretum apetalum is found. 
Small areas of chaung alluvium naturally carry a vegetation more 
closely allied to that of the surrounding country. 

“ 5. Alluvium of the River Irrawaddy. —Sandbanks, which actu¬ 
ally consist for the most part of fine silt, are characteristically 
covered by the conspicuous “ Kaing grass.” This land, however, 
is very fertile and much cultivated. Areas rarely covered during 
the highwater season soon begin to bear trees. The greater part of 
the rice-crop of this part of Burma is grown on the extensive tracts 
of alluvium. Such as between Pyinbyu and Minbu. Seen from a 
distance these are level areas with large scattered trees. Though 
scarcely a natural formation, the “ Riverside Parkland ” may be 
noted heie, since it invariably strikes the eye along the river bank and 
near villages. Large shady trees—mostly planted—such as Tama - 
rindu 9 indicus , the toddy palm {Borassus flabeUifer) and Bombas 
malabaricum —occur scattered or in groups whilst the intervening 
ground is either cultivated or covered with a short turf or with a 
miscellaneous tangle of plants such as characterises waste land in 
most parts of the world.” 
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Upper-triassio and liassio faunao of the exotic blocks of Malla Johar in the Bhot Maha ls of 
Kumaon: VM. 1, pt. 1 (1908), pp. 100, pis. 16 (1 double), by Dr. C. Dioner. 

Anthraoolithic Fossils of Kashmir and Spiti: VoL I, pt. 2 (1899), pp. 96, pla. S, by Dr. C. Dieoer. 
The Permooarboniferous Fauna of Chitichun No. 1 : Vol. I, pt. 3 (1897), pp. 106, pis. 13, by 
Dr. C. Dioner. 

Ths Permian Fossils of the Product us Shales of Kumaon and Garhwal; YcL I, pt. 4 (1897), 
pp. 51, pis. 5, by Dr. C. Diener. 

The Permian Fossils of the Central Himalayas : Vol. I, pt. 5 (1903), pp. 204, pis. 10, by Dr. C. 

Dieoer. 

The Cephalopoda of the Lower Trias : Vol. H, pt. 1 (1897), pp. 182, pis. 23, by Dr. C. Dieoer. 
The Cephalopoda of the Muschelkalk : VoL II, pt. 2 (1895), pp. 118, pis. 31, by Dr. a Dieoer. 
Upper Trisssic Cephalopoda Fannie of the Himalaya : VoL IH, pt. 1 (1899), pp. 167, pis. 22, by 
Dr. E. tod Moisisovics. 

Trias Brachiopoda and LamelUbranehiata: VoL IH, pt. 2 (1899), pp. 76, pis. 12 (2 doable), 
by Alexander Bittner. 
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The Fauna of the Spiti Shale* : Vol. IV. Cephalopoda : Faeo. 1 (1908), pp. 132, pla. 18 j Fate. 
2 (1910), pp. 138*806, pla. 47 (2 double); Faao. 8 (1910), pp. 307*895, pie. 82; by Dr. V. 
Uhlig. Lamellibranchiata and Gastropoda,; Faao. 4 (1913), pp. 897*456, pla. 7; by Dr. 
K. Holdhaus. Additional Notes on the Fauna of the Spiti Shale*: Faao. 5 (1914), pp* 
457-511, pis. 4 ; by Miss Paula Steiger, Ph.D. 

The Fauna of the Tropites-Limeatone of Byans : Vol. V, Memoir No. 1 (1906), pp. 201, pis. 17 
(1 double), by Dr. C. Diener. 

The Fauna of the Himalayan Muachelkalk: Vol. V, Memoir No. 2 (1907), pp. 140, pis. 17 (2 
double), by Dr. C. Diener. 

Ladinic, Camio, and Norio fauns of Spiti: Vol. V, Memoir No. 3 (1908), pp. 157, pla. 24 (3 double), 
by Dr. C. Diener. 

Lower Triassic Cephalopoda from Spiti. Malla Johar and Byans : Vol. VI, Memoir No. 1 (1909), 
pp. 186, pis. 31, by Dr*. A. von Kraft and C. Diener. 

The Fauna of the Traumatocrinu* Limestone of P&inkhanda: Vol. VT, Memoir No. 2 (1900). 
pp. 39, pis. 5, by Dr. C. Diener. 

The Cambrian Fossils of Spiti: Vol. VII, Memoir No. 1 (1910), pp. 70, pis. 6, by F. R. C. Reed. 
Ordovician and Silurian fossils from the Central Himalayas: Vol. VII, Memoir No. 2 (1912), 
pp. 168, pis. 20, by F. R. C. Reed. 


(Sml XVI.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Pb.D., F.O.S. 

The Fauna of the Kellaways of MaxAr Drik : Vol. I, pt. 1 (1895), pp. 22, pis. 13 (out of print). 

The Fauna of the (Neocomian) Belemnite Beds : Vol. I, pt. 2 (1897), pp. 6, pla. 2 (out of print). 
The Fauna of the Upper Cretaceous (Mafietrichtien) Beds of the Mari Hills : Vol. I, pt. 3 (1897) 
pp. 79, pis. 23 (out of print). 

The price fixed for these publications is four annas per single plate, with a minimnm charge 
of Re. 1. 


(NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt-range: Vol. I, Memoir 1 (1899), pp. 14, pi. 1, by K. 
Redlich. Price 1 Re. 

Notes on the Morphology of the Pelecypoda : Vol. I, Memoir 2 (1899), pp. 58, pis. 4, by Dr. Frit* 
Noetling. Price 1 Re. 4 As. 

Fauna of the Miocene Beds of Burma: Vol. I, Memoir 3 (1901), pp. 378, pis. 25, by Dr. Frit* 
Noetling. Price 6 Rs. 4 As. (out of print). 

Observations tor quelques Plantes Foesiles des Lower Gondwsnaa: Vol. n, Memoir 1 (1902), 
pp. 39, pis. 7, by R. Zeiller. Price 1 Re. 12 As. 

Permo-Carboniferous Plants and Vertebrates from Kashmir: Vol. II, Memoir No. 2 (1905), 
pp. 13, pla. 3, by A. C. Seward and Dr. A. Smith Woodward. Price J Re. 

The Lower Paleozoic Fossils of the Northern Shan States, Upper Burms : Vol. 71, Memoir 
No. 3 (1906), pp. 154, pis. 8, by F. R. C. Reed. Price 2 Rs. 

The Fauna of the Napeng Beds or the Rhetic Beds of Upper Burma : V ol. II, Memoir No. 4 
(1908), pp. 88, pis. 9, by Mias M. Healey. Price 2 Rs. 4 As. 

The Devonian Faunas of the Northern Shan States: Vol. I(, Memoir No. 5 (1908), pp. 183, 
pis. 20, by F. R. C. Reed. Price 5 Rs. 

The Mollosca of the Ranikot Series: Vol. HI, Memoir No. 1 (1909), pp. xix, 83, pis. 8, by M. 

Cossmann and G. Pissarro. Introduction by E. W. Vredenburg. Price 2 Rs. 

The Brachiopoda of the Namyau Beds, Northern Shan States, Burma. Vol. m, Memoir No. 2 
(1917V, pp. 254, pis. 21, by 8. S. Bookman. Price 5 Rs. 4 As. 

On some Fish remains from the Beds of Dongargaon. Centra] Provinces: Vol IH, Memoir 
No. 3 (1908), pp. 6. pi. 1, by Dr. A. Smith Woodward. Prioe 1 Re. 

Anthracolithic Fossils of the Shan States: Vol. Ill, Memoir No. 4 (1911), pp. 74, pla. 7, by Dr. 
C. Diener. Price 1 Re. 12 A*, (out of print). 

The Fossil Girsffide of India: VoL IV, Memoir No. 1 (1911), pp. 29, pU. 5, by Dr. G. E. Pilgrim. 
Price l Re. 4 As. 

The Vertebrate Fauna of the Gaj Series in the Bugti Hilk and the Punjab: VoL IV, Memoir 
No. 2 (1911* pp. 83, pie. 30 ead map, by Dr. G. B. Pilgrim. Price 8 Rs. 
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Lower Gondwan# Plante from the Golabg&rh Pasa, Kashmir: Vol. IV, Memoir No. 3 (1912), 
pp. 10, pl». 8, by A. C. Seward. Price 1 Re. 

Meeosoio Plant# from Afghanistan and Afghan-Turkistan: VoL IV, Memoir No. 4 (1912), 
pp. 67, pis. 7, by A. C. Seward. Price 1 Re. 12 As. 

Triassio Fauna of Kashmir: Vol. V, Memoir No. 1 (1913), pp. 133, pis. 13, by Dr. C. Diener. 
Price 3 Rs. 4 As. 

The Anthracolithio Faun® of Kashmir, Kanaur and Spiti: VoL V, Memoir No. 2 (1916), pp. 136, 
pis. 11, by Dr. C. Diener. Price 2 Rs. 12 As. 

Le Cr6tao6 et 1’Eocene du Tibet Central: Vol. V, Memoir No. 3 (1916), pp. 62, pis. 16, by Prof. 
Henri DouvillA Prioe 4 Rs. 

Supplementary Memoir on New Ordovician and Silurian fossils from the Northern Sban States: 

VoL VI, Memoir No. 1 (1915), pp. 98, pis. 12, by F. R. C. Reed. Price 3 Rs. 

Devonian Fossils from Chitral and the Pamirs : Vol. VI, Memoir No. 2 (1922), pp. 136, pis. 16, 
by F. R. C. Reed. Price 4 Rs. 

Ordovician and Silurian Fossils from Yunnan : Vol. VI, Memoir No. 3 (1917), pp. 39, pis. 8, by 
F. R. C. Reed. Price 2 Rs. 

Upper Carboniferous Fossils from Chitral and the Pamirs: Vol. VI, Memoir No. 4 (1925), pp 
134, pis. 10, by F. R. C. Reed. Price 9 Rs. 13 As. 

Indian Gondwana Plants. A Revision : Vol. VII, Memoir No. 1 (1920), pp. 41, pis. 7, by A. C. 
Seward and B. Sahni. Price 1 Re. 12 As. 

The Lamollibranchiata of the Eocene of Burma : Vol. VII, Memoir No. 2 (1923), pp. 24, pis. 7, 
by Dr. G. de P. Cotter. Price 3 Rs. 10 As. 

A Review of the Genus Gisortia with descriptions of several species; YoL YU, Memoir No. 3 
(1926), pp. 78, pis. 32, by E. Vredenburg. Price 10 Rs. 5 As. 

An incomplete skull of Dinotherium with notes on the Indian forms : Vol. VII, Memoir No. 4 
(1924), pp. 13, pis. 3, by R. W. Palmer. Price 1 Re. 2 As. 

Contributions to the Palaeontology of Assam : Vol. VIII, Memoir No. 1 (1923), pp. 74, pis. 4, by 
Krich Speugler. Price 6 Rs. 

The Anthracotheiridc of the Dora Bugti deposits in Baluchistan : Vol. VIII, Memoir No. 2 
(1024), pp. 60, pis. 7, by C. Forster Cooper. Price 4 Rs. 

The Perissodactyla of the Eocene of Burma : Vol. VIII, Memoir No. 3 (1925), pp. 28, pis. 2, 
by Dr. G. E. Pilgrim. Price 1 Re. 9 As. 

The Fossil Suidsa in India : Vol. VIII, Memoir No. 4 (1926), pp. 66, pis. 20, by Dr. G. E. Pilgrim. 
Price II K*. 12 As. 

On the Blake Collection of Ammonites from Kachh : Vol. IX, Memoir No. 1 (1924), 
pp. 29, by L. F. Spath. Price 12 As. 

Revision of the Jurnsair Cephalopod Fauna of Kachh (Cutch): Vol. IX, Memoir No. 2. Tart I 
(1927), pp. 71. pis. 1-7, price 4 Ra. 12 As.: Part U (1928), pp. 73-161, pla. 8-19, price 7 Rs. 
14 As.: Part III (1928). pp. 163-278, pis. 20-47, price 15 Rs. 4 As. : Part IV (1031), pp. 
279-660, pis. 48-102, price 34 Rs. 12 As.: Part V (1031), pp. 651-658, pis. 103-124, pnee 
12 Rs. 14 As.: Part \ I (1933), pp. pp. 669 045, pis. 125-130, price 13 Rs. 8 As.; by 
L. F. Spath. 

Paleozoic and Mesozoic Fossils from Yunnan : Vol. X, Memoir No. 1 (1927), pp. 291, pis 20 
by F. R. C. Reed. Prioe 20 Ra. 9 As. 

The Molluscs of the Ranikot Series (together with some species from the Card its Beaumont) 
Beds): Vol. X, Memoir No. 2 (1927), pp. 31, pis. 4, by M. Cossmann, and G. Pisano, revised 
by the late Mr. E. Vredenburg, with an introduction and editorial notes by Dr. G. de P 
Cotter. Prioe 2 Ra. 6 As. 

Let Coaches 4 Cerdita Bes union ti: Vol. X, Memoir No. 3. Lee Couches 4 Cardita Baa union ti 
dans la Btiouchistan: Faac. I (1928), pp. 25, pis. 4, price 2 Ra. 12 As.: Lea Couches a 
Cardita Beaumont! dans ie Sind : Ease. II (1929), pp. 27-73, pb. 6-11, price 4 Ra. 8 Aa. * 
by Prof. Henri Douvilb. 

A Supplement to the Molluaoa of the Ranikot Series: Vol. X, Memoir No. 4 (1928), pp. 76 
pb. 9, by the lata K. W. Vredenburg, edited with notes by Dr. G. de P. Cotter. Price 

6 Ra. 12 As. 

Revisions of Indian Fossil Plants: Vo). XI. Oonifsrales (a. Impressions and Incrustations): 
Part l (1928), pp. 1-49, pb. 1*6, price 3 Rs. 12 As. : Conifrrales (b. Petrifactions): Part 11 
(1931), pp. 51-124, pis. 7-15, price 7 Re. 6 Aa.: by Prof. B. Sahni. 

The Fauna of the Agglomeratic Slats Series of Ksshmir : Vol. XII (1928), pp. 42, pis. 8 Lv 
tbs late B. & Bion* with an Introductory Chapter by C. S. Middbmiaa. Price 6 Ra. 8*Aa. 
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TheArtiodactyla of tbe Eocene of Burma : Vo). Em (1928), pp. 89, pi*. 4, by Dr. Q. E. Pilgrim. 
Price 8 Ra. 12 At. 

A Sivapithecus Palate and other Primate Fossils from India: Vol. XIV (1927), pp. 24, pi. 1, 
by Dr. G. E. Pilgrim. Price 1 Re. 8 As. 

The Fossil Fauna of the Samana Range and some Neighbouring Areas: Vol. XV, An Intro* 
dnctory Note : Part I (1980), pp. 15, pis. 1*4, price 1 Re. 4 As.; by Lt.-Col. L, M. Davies, 
R.A., F.G.S. The Albian Erbmoidea : Part II (1930), pp. 17-23, pi. 4a, price 12 At.; 
by Ethel D. Currie, BJSc., Ph.D., F.G.S. The Brachioioda : Part III (1930), pp. 25-87, 
pis. 5-6, price 1 Re. 4 As.; by Helen Marguerite Muir-V ood, M.Sc., F.G.S. Lower Albian 
Gastropoda and Lamellibranchia : Part IV (1930), pp. 39-49, pi. 7, price 14 As.; by L. R. 
Cox, M.A., F.G.S. The Lower Cretaceous Ammonoidea; with Notes on Albian Cephalo¬ 
poda from Hazara : Part V (1930), pp. 51-66, pla. 8-9, price 1 Re. 6 As.; by L. F. Spath, 
D.Sc., F.G.S. The Paleeocene Foraminifera: Part VI (1930), pp. 67-79, pi. 10, price 
,-14-As.; by Lt.-Col. L. M. Davies, R.A., F.G.S. Tbe Lower Eocene Corals: Part VII 
l jft30),*pp.'Sl-l£8; pis. 11-16, price 3 Rs. 14 As.; by J. W. Gregory, LL.D., D.Sc., F.R.8. 
The Mollusca of the Hangu Shales : Part VIII (1030), pp. 129-222, pla. 17-22, price 4 Rs. 
14 As.; by L. R. Cox, Sf.A., F.G.S. 

Upper Carboniferous Fossils from Tibet: Vol. XVI (1930), pp. 37, pis. 4, by F. R. C. Reed. 
Price 3 Ra. 6 As. 

New Fossils from the Productus Limestones of the Salt Range, with notes on other species: 

Vol. XVII (1931), pp. 56, pis. 8, by F. R. C. Reed. Price 6 Rs. 6 As. 

The Fossil Carnivora of India : Vol. XVIII (1932), pp. 232, pis. 10, by Dr. G, E. Pilgrim. 1 rice 
13 Rs. 12 As. 

Upper Carboniferous Fossils from Afghanistan : Vol. XIX (1931), pp. 39, pis. 4, by F. R. C. 
Reed. Price 3 Rs. 10 As. 

New Fossils from the Agglomeratic Slate of Kashmir: Vol. XX, Memoir No. 1 (1932), pp. 79, 
pis. 13, by F. R. C. Reed. Price 8 Ra. 4 Aa. 

Homoxylon rajmabalense, gen. et sp. nov., a fossil anpiospennoiis wood, devoid of vessels 
from the Rajmahal Hills, Pehar : Vol. XX, Memoir No. 2 (1932), pp. 19, pis. 2, by Prof. 
B. Sahni. Price 1 Re. 12 As. 

A petrified Williamsonia (W. sewardiana, sp. nov.) from the Rajmahal Hills, lnoin : Vol. XX, 
Memoir No. 3 (1932), pp. 19, pis. 3, by Prof. B. Sahni. Price 2 Rs. 2 As. 

Jurassic and Cretaceous Ammonites and Eelemnites of the Attock District : Vol. XX. 
Memoir No. 4 (1934), pp. 39, pis. 6, by L. F. Spnth. Price 4 Rs. 

The Triassic, Jurassic and Cretaceous Gastropoda and LnmclJibrnmhia of tbe Atto(k District, 
Vol. XX, Memoir No. 5 (1935), pp. 27, pis. 2, bv L. R. Cox. 1 th e 1 Re. 14 As. 

The Mesozoic Brachiopoda of the Attock District: Vol. XX, Memoir No. 0, (1937). pp. 34, 
pi 1, by Helen M. Muir-Wood. Price 2 Rs. 2 As. 

The Cretaceous Saurieohia and Ornithischia of the Central Provinces of India : Vol. XXI, 
Memoir No. 1 (1933), pp. 74, pis. 24, by Prof. Friedrich Baron \on Huene and Dr. C. A. 
Matley. Price 13 Rs. 8 Ah. 

Cambrian and Ordovician Fossils from Kashmir : Vol. XXI, Memoir No. 2 (1934), pp. 38, pis. 2, 
by F. R. C. Reed. Price 2 Rs. 8 As. 

The Lower Palaeozoic Faunas of the Southom Shan Statos : Vol. XXI, Momoir No. 3 (1930), 
pp. 130, pis. 7, by F. R. C. Reed. Price 7 Rs. 10 As. 

Fossil Algaa from the Uppermost Ciotnceous bods (the Niniyur group) of the Trichinopoly 
District, 6. India: Vol. XXI, Memoir No. 4 (11)36), pp. 49, pis. 6, by Profs. L. Rama 
Rao and Julius Pia. Price 4 Rs. 10 As. 

Echinoidoa of the Persian Golf: Vol. XXII, Memoir No. 1 (1933), pp. 35, pis. 3, by E. L. G. 
Clegg. Price 2 Rs. 8 As. 

Fossil Mollusca froga Southern Persia (Iran) and Bahrein Island : Vol. XXII, Momoir No. 2 
(1936), pp. 89, pis. 8; by L. R. Cox. Price 5 Rs. 8 As. 

On Bajocian Ammonites and Belemnites from Eastern Persia (Iran): Vol. XXII, Memoir 
No. 3 (1936), pp. 21, pi. 1, by L. F. Spath. Price 1 Rc. 2 As. 

Cambrian Trilobitea from Iran (Persia): Vol. XXII, Memoir No. 5 (1937), pp. 22, pis. 2, by 
Prof. W. R. King. Price 1 Re. 14 As. 

A Permo-Carboniferous Fauna from South-West Persia (Iron): Vol. XXII, Memoir No. 6 
(1936), pp. 58, pis. 5, by J. A. Douglas. Price 4 Rs, 4 As. 

Some Fossils from the Eurydesiua and Conularia Beds (Punjabian) of the Salt Range: Vol. 

XXIII, Memoir No. 1 (1936), pp. 36, pis. 5, by F. R. C. Reed. Price 3 Rt. 14 As. 

JCooene Beds of the Punjab Salt Range : Vol. XXIV, Men oir No. 1 (1937), pp. 79, pis. 7, by 
Lt.-Col. L. M. Davies and E. 8. Pinfold. Price 6 Rs. 2 As. 

The Cephalopoda of the Neocomion Belemnite Beds of tbe Salt Range: Vol. XXV, Memoir 
No. 1 (in the Press), by L. F. Spath. 

Index to the Genera and Specie* described in the Paleontologia Indira, up to the year 1891. 
Price 1 Be. 
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA 


Vol. I, 1868. 

Part 1 {out of print ).—Annual report for 1867. Coal-seams of Tawa valley. Coal in Garrcw 
Hills. Copper in Bundelkhund. Meteorites. 

Part 2 (out of print).— Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geological 
notes on Surat oollectorate. Ceplialopodous fauna of South Indian cretaoeous deposits. 
Lead in Raipur district. Coal in Eastern Hemisphere. Meteorites. 

Part 3 (out of print ).—Gastropodous fauna of South Indian cretaceous deposits. Notes on 
route from Poona to Nagpur t rid Ahmednuggur, Jalna, Loonar, Yeotmahal, M&ngali and 
Hingunghat. AgatA-flake in pliocene (?) deposits of Upper Godavary. Boundary of 
Vindhyan series in Raj pu tana. Meteorites. 


Vol. II, 1869. 

Part 1 (out of print ).—Valley of Poorna river, West Berar. Kuddapah and Kuruool formations. 
Geological sketch of Shillong plateau. Gold in Singhbhum, etc. Wells at Hazareebagh. 
Meteorites. 

Port 2 (out of print ).—Annual report for 1868. Pangahura tecta and other species of Chelonia 
from newer tertiary deposits of Nerbudda valley. Metomorphio rooks of Bengal. 

Part 3 (out of print ).—Geology of Kutch, Western India. Geology and physical geography of 
Nioobar Islands. 

Part 4 (out of print ).—Beds containing silicified wood in Eastern Prome, British Burma. 
Minoralogical statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur 
district. Meteorites. 


Vol. Ill, 1870. 

Part 1 (out of print ).—Annual report for 1869. Geology of neighbourhood of Madras. Alluvial 
deposits of Irrawadi, contrasted with those of Ganges. 

Part 2 (out of print ).—Geology of Gwalior and vicinity. Slates at Chiteli, Kumaon. Lead 
vein near Chicholl, Raipur district. Wardha rh'cr coal-fields, Berar and Central Provinces. 
Coal at Karba in Bilaspur district. 

Part 3 (out of print ).— Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district. Coal, 
east of Chhattisgarh between Bilaspur and Ranchi. Petroleum in Burma. Petroleum 
locality of Sudkal, near Futtijung, west of Rawalpindi. Argentiferous galena and copper m 
Manbhum. Assays of iron ores. 

Part 4 (out of print ).—Geology of Mount Tilla, Punjab. Copper deposits of Dalbhum and Singh- 
bhum: 1.—Copper minos of Singhbhum: 2.—Copper of D&lbhum and Singhbhum. 
Meteorites. 


Vol. IV, 1871. 

Part 1 (out of print).—-Annual report for 1870. Alleged disoovery of coal near Gooty, and of 
indications of ooal in Cuddapah district. Mineral statistics of Kumaon division. 

Part 2 (out of ©rial).—Axial group in Western Prome. Geological structure of Southern Konkan. 
Supposed occurrence of rativo antimony in the Straits Settlements. Deposit in boiler* 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on southern 
extensions of Kamthi group to neighbourhood of EUore and Rajmandri, and on possible 
occurrence of ooal in same direction. 

Part 3 (out of print ).—Borings for coal in Godavari valley near Dum&guden and Bhadraohafem - 
Narbada coal-basin. Geology of Central Provinces. Plant-bearing sandstones of Godavari 
▼alley. 

Part 4 (oaf of print).-—Ammonite fauna of Kutch. Raipur and Hengir (Gangpur) Coal-field. 
Sandstones in neighbourhood of first barrier on Godavari, and in country between Godavari 
andEUare* 
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VOL. V, 1871. 

Part 1 (out of print ).—Annual report for 1871. Relation! of rooks near Murree (Mari), Punjab. 
Mineralogioal notes on gneiss of South Mirzapur and adjoining country. Sandstones in 
neighbourhood of first barrier on Godavari, and in oountry between Godavari and Ellore. 

Part 2 (out of print ).—Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, 
and some of Gulf Islands. Parts of Kummummet and Hanamconda districts in Nizam's 
Dominions. Geology of Onsta. New ooal-field in south-eastern Hyderabad (Deooan) 
territory. 

Part 3 (out of print ).—Maskat and Maasandim on east of Arabia. Example of local jointing. 
Axial group of Western Promo. Geology of Bombay Presidency. 

Part 4 (out of print ).—Coal in northern region of Satpura basin. Evidence afforded by raised 
oyster banks on coasts of India, in estimating amount of elevation indicated thereby. 
Possible field of coal-measures in Godavari district, Madras Presidency. Lameta or intra- 
trappean formation of Central India. Petroleum localities in Pegu. Supposed eozoonal 
limestone of Tellara Bile. 


Vol. VI, 1873. 

Part 1 .—Annual report for 1872. Geology of North-West Provinces. 

Part 2 (out of print ).—Bisrampur coal-field. Mineralogical notes on gneiss of south Mirzapur 
and adjoining oountry. 

Part 3 (out of print ).—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconor): on age 
of deposits, and on associated shells. Barakars (coal-measures) in Beddadanole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Halt-springs of 

Part 4 \out of print ).—Iron deposits of Chanda (Central Provinces). Barren Islands and Nar- 
kondam. Motalliferous resources of British Burma. 


Vol. VII, 1874. 

Part 1 (out of print).— Annual report for 1873. Hill ranges between Indus valley in Ladak and 
Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Raw materials for 
iron-smelting in Raniganj field. EJastio sandstone, or so-called Itacolumytc, Gcologioal 
notes on part oi Northern llazaribagh. 

Part 2 (out of print ).—Geological notes on route traversed by Yarkand Embassy from Shah-i- 
Dula to Yarkaua and Kashgar. Jade in Karakash valley, Turkistan. Notes from Eastern 
Himalaya. Petroleum in Assam. Coal in Garo Hills. Copper in Narbada valley. Potash- 
salt from East India. Geology of neighbourhood of Mari hill station in Punjab. 

Part 3 (out of print).— Geological observations made on a visit to Chadderkul, Thian Shan range. 
Former extension of glaciers within Kangra district. Building and ornamental stones of 
India. Materials for iron manufacture in Raniganj ooal-fiold. Manganese-ore in Wardha 
coal-field. 

Part 4 (out ofprmi ).—Auriferous rocks of Dhambal hills, Dharwar district. Antiquity of human 
raoe in India. Coal rcoently discovered in the oountry of Luni Pathans, south-east comer 
of Afghanistan. Progress of gcologioal investigation in Godavari district, Madras Presi¬ 
dency. Subsidiary materials for artificial fuel. 


Vol. VIII, 1875. 

Part 1 (out of print ).—Annual report for 1874. The A1 turn-Artush considered from geological 
point of view. Evidences of ‘ ground-ioe * in tropioal India, during Talchir period. Triads 
of Raniganj tire-bricks. 

Part 2 (out of print). —Gold-fields of south-east Wynaad, Madras Presidency. Geological notes 
on Khareean hills in Upper Punjab. Water-bearing strata of Surat district. Geology of 
Scindia's territories. 

Part 3 (out of print ).—Shahpur ooal-field, with notice of coal explorations in Narbada regions. 
Coal recently found near Moflong, Khasia Hills. 

Part 4 (out of print ).—Geology of Nepal. Raigarh and Hingir coal-fields. 


Vol. IX, 1876. 

Part 1 \out of print),—Annual report for 1875. Geology of Sind. 

Part 2 (otfi of print). —Retirement of Dr. Oldham. Age of some fossil floras of India. Cranium 
of Steffodon Qaneea, with notes on sub-genus and allied forms. Sub-Himalayan series in 
Jama (Jammoo) Hills. 
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Part 3 {out of print ).-—Fossil floras in India. Geological age of certain groups comprised in 
Gondwana series of India, and on evidence they afford of distinct zoological and botanical 
terrestrial regions in ancient epochs. Relations of fossiliferous strata at MaJeri and Kota, 
near Sironcha, C. P. Fossil mammalian faun® of India and Burma. 

Part 4 (out of print ).—Fossil floras in India. Osteology of Merycopotamus dissimilis . Addenda 
and Corrigenda to paper on tertiary mammalia. Plesiosaurus in India. Geology of Pir 
Panjal and neighbouring districts. 


Vol. X, 1877. 

Port 1(out of print ).—Annual report for 1876. Geological notes on Great Indian Desert between 
Sind ana Rajputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 76 
miles north of Lhassa. Estheira in Gondwana formation. Vcriebrata from I ndian tertiary 
and secondary rocks. New Embydine from the upper tcrtiarica of Northern Punjab. 
Observations on under-ground temperature. 

Part 2 (out of pnnt ).— Rocks of the Lower Godavari. • Atgarh Sandstones * near Cuttack. 
Fossil floras in India. New or rare mammals from the Siualiks. Aravali series in North- 
Eastern Rajputana. Borings for coal in India. Geology of India. 

Part 3 (cut of print ).—Tertiary zone and underlying rocks in North-West Punjab. Fossil floras 
ia.India. Erratics in Potwar. Coal explorations in Darjiling district. Limestones in 
neighbourhood of Barakar. Forms of blowing machine used by smiths of Upper Assam* 
Analyses of Raniganj coals. 

Part 4 (out of print ).—Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead 
ores of Sambalpur district. 1 Eryon Comp. Barroventus McCoy, from iSripermatur group 
near Madras. Fossil floras in India. The Blaiui group and * Central Gne iss * in Simla 
Him a l ayas. Terti&ries of North-West Punjab. Geucra Chceromeryx and Rhagatherium. 

Vol. XI, 1878. 

Part 1 .—Annual report for 1877. Geology of Upper Godavari basin, between river Wardha 
and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi. Siwalik mam¬ 
mals. Paloontological relations of Gondwana system. ' Erratics in Punjab.’ 

Pari 2 (out of print ).—Geology of Sind (second notice). Origin of Kumaon lakes. Trip over 
Milam Pass, Kumaun. Mud volcanoes of Kamri and Cheduba. Mineral resources of 
Kamri, Cheduba and adjacent islands. 

Pari 3 (out of print ).—Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and 
Neliore-Kistna districts. Senarmontite from Sarawak. 

Part 4 .—Geographical distribution of fossil organisms in India. Submerged forest on Bombay 
Island. 


Vol. XII, 1879. 

Part 1 (out of print). Annual report for 1878. Geology' of Kashmir (third notice). Siwalik 
m a m ma lia. Siwalik beds. Tour through Hangrang and Spiti. Mud eruption in Ramri 
Island (Arakau). Braunite, with Rhodonite, from Nagpur, Central Provinces. Palaeon¬ 
tological notes from Satpura coal-basin. Coal importations into India. 

Part 2 (ow< of pnnt). Mohpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur 
district. Geological reconnaissance from Indus at Kusbalgarb to Kurram at Thai on 
Afghan frontier. Geology of Upper Punjab. 

Part 3 (out of print).-—Geological features of northern Madura, Paduketu State, and southern 
parts of Tanjore and Triohinopoly districts included within limits of sheet 80 of Indian 
Atlas. Cretaceous fossils from Triohinopoly district, collected in 187i-78. Sphenophyllum 
and other Equisetace® with reforenoo to Indian form Trizygia speciosa, Roylo (Spheno¬ 
phyllum trizygia, Ung.). Mvsorin and Ataoarmte from Nolloio distriot. Corundum 
from K hasi Hills. Joga neighbourhood and old mines on Nerbudda. 

Part 4 .—” Attack Slates” and their probable geological position. Marginal bone of undes- 
oribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of North 
Areot district. Road section from Murree to Abbottabad. 


Vol. XLLI, 1880 

Parti (out of pnnt). —Annual report lor 1879. Geology of Upper Godavari basin in neighbour¬ 
hood of Sironaha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes 
£om Ramn Island and Punjab. Fossil genera Nfiggorathia, Stbg., Nbggerathiopeu, 
Fatal., and Rhiptozamites, Sc hm al h ., in palaeozoic and secondary rows of Europe Asia 
Md Awtrali*. Fomil plants from iUttywar, Shekh Butliu, and Srfujah. Vofcanio 
tool of eruption in Koakan. 
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Part 2 .—Geological notes. Paleontological notes on lower trias of Himalayas. Artesian wells 
at Pondicherry, and possibility of finding sources of water-supply at Madras. 

J'ort 3 .—Kumaun lakes. Celt of paleolithio type in Punjab. Paleontological notes from 
Karharbari and South Eewa coal-fields. Correlation of Qondwaaa flora with other floras. 
Artesian wells at Pondicherry. Salt in Rajputana. Gas and mud eruptions on Arakan 
coast on 12th March 1879 and in June 1843. 

Part 4 (out of print ).—Pleistocene deposits of Northern Punjab, and evidenoe they afford of 
extreme climate during portion of that period. Useful minerals of Arvali region. Correla¬ 
tion of Gondwana flora with that of Australian coal-bearing system. Reh or jdlrfcH soils 
and saline well waters. Reh soils of Upper India. Naini Tal landslip, 18th September 


Vol. XIV, 1881. 

Part 1 .—Annual report for 1880. Geology of part of D&rdiatan, Baltistan, and neighbouring 
districts. Siwalik carnivora. Siwalik group of Sub-Him&layan region. South Rewah 
Gondwana basin. Ferruginous beds associated with basaltic rooks of North-Eastern Ulster, 
in relation to Indian laterite. Rajm&hal plants. Travelled blooks of the Punjab. Ap¬ 
pendix to * Paleontological notes on lower trias of Himalayas*. Mammalian fossils from 
Perim Island. 

Part 2 (out of print). —Nahan-Siw&lik unconformity in North-Western Himalaya. Gondwana 
vertebrates. Ossiferous beds of Hundes in Tibet. Mining records and min'tnp record 
office of Great Britain : and Coal and Metalliferous Mines Act of 1872 (England)! Cobaltit© 
and danatite from Khetri mines, Rajputana; with remarks on J&ipurite (Syepoorite). 
Zinc-ore (Smithsonite and Blende) with barytes in Karnul district, Madras. Mud-eruption 
in island of Cheduba. 

Part 3 (out of print ).—Artesian borings in India. Oligoolase granite at Wangtu on Sutlej, North- 
West Himalayas. Fish-plate from Siwaliks. Palaeontological notes from H&z&ribagh 
and Lohardagga districts. Fossil carnivora from Siwalik hills. 

Part 4 (out of print ).—Unification of geological nomenclature and cartography. Geology of 
Arvali region, central and eastern. Native antimony obtained at Polo Obin, near Singa¬ 
pore. Turgite from Juggiapett, Kistnah district, and zinc carbonate from Karnul, Madras. 
Section from D&lhousie to Pangi, vid Sach Pass. South Rewah Gondwana basin. Sub¬ 
merged forest on Bombay Island. 


Vol. XV, 1882. 

Part 1 (out of print ).—Annual report for 1881. Geology of North-West Kashmir and Khagaa. 
Gondwana labyrinthodonts (Siwalik and Jamna mammals). Geology of D&lhousie, North- 
West Himalaya. Palm leaves from (tertiary) Murree and Kasauli beds in India. Iridoe- 
mine from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur. On (1) 
copper mine near Yongri hill, Darjiling district; (2) arsenical pyrites in same neighbour¬ 
hood ; (3) kaolin at Darjiling. Analyses of ooal and fire-clay from Maknm ooal-field. 
Upper Assam. Experiments on ooai of Pind Dadun Khan, Salt-range, with reference to 
production of gas, made April 29th, 1881. International Congress ofBologna. 

Part 2 (out of print ).—Geology of Travanoore State. Warkilli beds and reported associated 
deposits at Quilon, in Travanoore. Siwalik and Narbada fossils. Coal-bearing rooks of 
Upper Rer and Mand rivers in Western Chutia Nagpur. Penoh river ooal-field in Chind- 
w&ra district. Central Provinces. Boring for coal at Engaein, British Burma. Sapphires 
in North-Western Himalaya. Eruption of mud volcanoes in Cheduba. 

Part 3 (out of print ).—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Hamai route 
between Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay. Traps of 
D&rang and Mandi in North-Western Himalayas. Connexion between Hazara and Kashmir 
series. Umaria ooal-field (South Rewah Gondwana basin). Daranggiri ooal-field, Garo 
Hills, Assam. Coal in Myanoung division, Henz&da district. 

Pait 4 (out of print). —Gold-fields of Mysore. Borings for coal at Bedd&d&nol, Godavari district, 
in 1874. Supposed ooourrenoe of coal on Kistna. 


Vol. XVI, 1883. 

Part J .—Annual report for 1882. Richthofenia, Kays (Anomia Lawrenoiana, Konlnok). 
Geology of South Travanoore. Geology of Chamba. Basalts of Bombay. 

Part 2 (out of punt ).—Synopsis of fossil vertebrata of India. Bijori Labyrinthodont Skull 
of Hippotherium antilopmum. Iron ores, and subsidiary materials for manufacture of 
iron, in north-eastern part of Jabalpur district. Laterite and other manganese-ore ooour 
ring at Gosulpore, Jabalpur district. Umaria coal-field. 
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Part 3 ( out of print), —Microscopic structure of some Dalhousie rock*. Lava* of Aden. Pro¬ 
bable occurrence of Siwalik strata in China and Japan. Mastodon angustidens in India. 
Travers© between Almora and Mussoorree. Cretaceous coal-measures at Borsora in Khaeia 
H ills , near Laour in Sylhet. 

Port 4 (out of print). —Pal©ontological notes from Daltonganj and Hutar coal-fields in Chota 
Nagpur. Altered basalts of Dalhousie region in North-Western Himalayas. Microscopio 
structure of some Sub-Himalayan rocks of tertiary age. Geology of Jaunsar and Lower 
Himalayas. Traverse through Eastern Khasia, Jaintia, and North Cachar Hills. Native 
lead from Maulmain and chromite from the Andaman Islands. Fiery eruption from one 
of the mud volcanoes of Cheduba island, Arakan. Irrigation from wells in North-Western 
Provinces and Oudh. 


Vol. XVII, 1884. 

Part 1 (out of print), —Annual report for 1883. Smooth-water anchorages or mud-banks of 
Narrakal and Alleppy on Travancore coast. Bill a Surgam and other caves in Kurnool 
district. Geology of Chuari and Sihunta parganas of Chamba. Lyttonia, Waagen, » 
Kuling series of Kashmir. 

Part 2 (otut of print). —Earthquake of 31st December 1881. Microscopic structure of some 
Himalayan granites and gneissoee granites. Choi coal exploration. Re-discovery of 
fossils in Siwalik beds. Mineral resources of Andaman Islands in neighbourhood of Port 
Blair. Intertrappean beds in Deccan and Laramie group in Western North America. 

Part 3 (out of print). —Microscopic structure of some Arvali rocks. Section along Indus from 
Peshawar Valley to Salt-range. Sites for boring in Raigarh-Hingir coal-field (first notice). 
Lignite near Raipore, Central Provinces. Turquoise mines of Nishfipfir, Khorassan. Fiery 
eruption from Mynbyin mud volcano of Cheduba Island, Arakan. Langrin coal-field, South- 
West Khasia Hills. Urn aria coal-field. 

Part 4 ( out of print). —Geology of part of Gangasulan pargana of British Garhwal. Slates and 
schists imbedded in gneissose granite of North-West Himalayas. Geology of T&kht-i- 
Suleiman. Smooth-water anchorages of Travancore coast. Auriferous sandB of the 
Subansiri river, Pondicherry lignite, and phospbatic rocks at Musuri. Billa Surgam caves. 


Vol. XVIII, 1885. 

Part 1 {out of print). —Annual report for 1884. Country between Singareni coal-field and Kistna 
river. Geological sketch of country between Singareni coal-field and Hyderabad. Coal 
and limestone in Doigrung river near Golaghat, Assam. Homotaxis, as illustrated from 
Indian formations. Afghan field notes. 

Part 2 (out of print). —Fossiliferous series in Lower Himalaya, Garhwal. Age of Mandh&li serie* 
in Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Caut. MS.). 
Geology of Chamba. Probability of obtaining water by means of artesian wells in plains 
of Upper India. Artesian sources in plains of Upper India. Geology of Aka Hills. Alleged 
tendency of Arakan mud volcanoes to burst into eruption most frequently during rains. 
Analyses of phosphatic nodules and rock from Mussoon'e. 

Part 3 (out of print). —Geology of Andaman Islands. Third species of Merycopotamus. Per¬ 
colation as affected by current. Pirthalla and Chandpur meteorite*. Oil wells and coal 
in Thayetmyo district, British Burma. Antimony deposits in Maulmein district. Kashmir 
earthquake of 30th May 1885. Bengal earthquake of 14th July 1885. 

Part 4 (out of print). —Geological work in Chhattisgarh division of Central Provinces. Bengal 
earthquake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavation* 
in Bills Surgam oaves. Nepaulite. Sabetmahet meteorite. 


Vol. XIX, 1886. 

Part 1 (out of print). —Annual report for 1885. International Geological Congress of Berlin. 
Paleozoic Fossils in Olive group of Salt-range. Correlation of Inman and Australian coal¬ 
bearing beds. Afghan and Persian Field notes. Section from Simla to Wangtu, and 
petrological character of Ambhibolites and Quartz-Diorites of Sutlej valley. 

Part 2 (ottf of print).—Geology of parts of Bellary and Anantapur districts. Geology of Upper 
Dehing basin in Singpho Hills. Mieroeoopic characters of eruption rocks from Central 
Himalaya*. Mammalia of Karnul Caves. Prospects of finding coal in Western Rajputana. 
Olive group of Salt-range. Bouldor-beds of Salt-range. Gondwana Homotaxis. 

Part 3 (out of print). —Geological sketch of Vixagapatam district, Madras. Geology of Northern 
Jttabner. Microscopic structure of Malanf rocks of Arvali region. Malanjkh&ndi oopper- 
ore In Bakghat district, C. P. 
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Part 4 (out of print ).—Petroleum in India. Petroleum exploration at KM tan. Boring in 
Chhattisgarh coal-fields. Field-note from Afghanistan: No. S, Turkistan. Fiery erap- 
tion from one of the mud voloanoes of Cheduba Island, Arakan. Nammianthal aerolite. 
Analysis of gold dust from Meza valley, Upper Burma. 


Vol. XX, 1887. 

Part 1 (out of print). —Annual report for 1886. Field-notes from Afghanistan: No. 4, from 
Turkistan to India. Physical geology of West British Gorhwal; with notes on a route 
traversed through Jaunsar-Bawar and Tiri-Garhw&l. Geology of Garo Hills. Indian 
image-stones. Soundings recently taken off Barren Island and Naroondam. Takhir 
boulder-beds. Analysis of Phosphatio Nodules from Salt-range, Punjab. 

Part 2 (out of print). —Foesil vertebrata of India. Eohinoidea of cretaceous series of Lower 
Narbada valley. Field-notes : No. 5 —to aocompany geological sketch map of Afghanistan 
and North-Eastern Khorassan. Microacopio structure of Rajmahal ana Deocan traps. 
Dolerito of Chor. Identity of Olive series in east, with Bpeokled sandstone in west, of 
Salt-range, in Punjab. 

Part 3. —Retirement of Mr. Medlicott. J. B. Mushketoff’s Geology of Russian Turkistan. 
Crystalline and metamorphio rooks of Lower Himalaya, Garhwal, and Kumaun, Seotion 
I. Geology of Simla and Jutogh. * Lalitpur * meteorite. 

Part 4 ( out of print).— Points in Himalayan geology. Crystalline and metamorphio rocks of 
Lower Himalaya, Garhwal, and Kumaon, Section 11. Iron industry of western portion 
of Raipar. Notes on Upper Burma. Boring exploration in Chhattisgarh coal-field (Seoond 
notice). Pressure Metamorpliism, with reference to foliation of Himalayan Gneissose 
Granite. Papers on Himalayan Geology and Microscopic Petrology. 


Vol. XXI, 1888. 

Part 1. —Annual report for 1887. Crystalline and metamorphio rocks of Lower Himalaya, 
Garhwal, and Kumaun, Section III. Birds’-nest of Elephant Island, Morgui Archipelago. 
Exploration of Jesalmer, with a view to discovery of coal. Facetted pebble from bouldor- 
bea (‘ speckled sandstone ’) of Mount Chel in Salt-range, Punjab. Nodular stones obtained 
off Colombo. 

Part 2 (out of print). —Award of Woolasten Gold Medal, Geological Society of London, 1888. 
Dharwar System in South India. Igneous rooks of Raipur and Balaghat, Central Province®. 
Sangar Marg and Mehowgale coal-fields, Kas hm ir. 

Part 3 (out of print). —Manganese Iron and Manganese Ores of Jabalpur. * The Carboniferous 
Glacial Period.* Pre-tertiary sedimentary formations of Simla region of Lower Himalayas. 
Part 4 (out of print). —Indian foesil vertebrates. Geology of North-Weet Himalayas. Blown- 
sand rook soulpture. Nummulites in Zanskar. Mica traps from B&rakar and K&niganj. 


Vol. XXII, 1889 

Part 1 (out of print). —Annual report for 1888. Dharwar System in South India. Wajra Korur 
diamonds, and M. Chaper*s alleged disco very of diamonds in pegmatite. Generic position 
of so-called Plesiosaurus indious. Flexible sandstone or Itacolumite, its nature, mode of 
occurrence in India, and oause of its flexibility. Siwalik and Narbada Chelonia. 

Part 2 (out of print). —Indian Steatite. Distorted pebbles in Siwalik conglomerate. “Carboni¬ 
ferous Glacial Period.” Notes on I>r. W. Waagen’s “ Carboniferous Glacial Period ”. Oil¬ 
fields of Twingoung and Berne, Burma. Gypsum of Nehal Nadi, Kumaun. Materials 
for pottery in neighbourhood of Jabalpur and Umaria. 

par* 3 (out of print). —Coal outcrops in Sharigh Valley, Baluchistan. Trilobitcs in Noobolus 
beds of Salt-range. Geological notes. Cherra Pooniee coal-fields, in Khasia Hills. Cobal- 
tiferous Matt from NepAl. President of Geological Society of London on International 
Geological Congress of 1888. Tin-mining in Mergui district. 

Part 4 (out of print).— Land-tortoises of Siwalik*. Pol vis of a ruminant from Siwalik*. Assays 
from Sambhar Salt-Lake in Rajputana. Mangaaiferoua iron and Manganese Ores of Jabal¬ 
pur. Polagonite-bearing traps of RAjmahil hills and Doocan. Tin-smelting in Malay 
Peninsula. Provincial Index of Local Distribution of Important Minerals, Miscellaneous 
Minerals, Gem Stones and Qsarry Stones in Indian Empire : Part L 
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Yol, XXIfl, 1890. 

Part 1 (out of print ),—Annual report for 1889. Lakadong coal-field*, Jaintia Hills. Pectoral 
and pelvio girdles and skull of Indian Dioyonodonte. Vertebrate remains from Nagpur 
district (with description of fish-skull). Crystalline and metamorphic rocks of Lower 
Himalayas, Garhwil and Kumaun, Section IV. Bivalves of Olive-group, Salt-range. 
Hud-banks of Travancore coast*. 

Part 2 (out of print).- -Petroleum explorations in Ilarnai district, Baluchistan. Sapphire Mine 
of Kashmir. Supposed Matrix of Diamond at Wajra Karur, Madras. Ronapot Gold-field. 
Field-notes from Shan Hills (Upper Burma). New species of Syringosphaeridac. 

Part 3 (out of print).-- Geology and Economio Resources of Country adjoining Sind-Pishin Rail¬ 
way betvmm Sharigh and Spintangi, and of country between it and Khattan. Journey 
through India in 1888-89, by Dr. Johannes Walther. Coal fields of Lairungao, Meosan- 
dram, and Mao-be-lar-kar, in the Khasi Hills. Indian Steatite. Provincial Index of Local 
Distribution of Important Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones 
in Indian Empire. 

Part 4 (out of print ).—Geological sketch of Naini Tal; with remarks on natural conditions 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal between Liau and 
Ramthi rivers. Basie Eruptive Rooks of Kadapah Area. Deep Boring at Lucknow. 
Coal Seam of Dore Ravine, Hazara. 


Vol. XXIV, 1891. 

Part J (out of print). —Annual report for 1890. Geology of Salt-range of Punjab, with 
ro-considored theory of Origin snd Age of Salt-Marl. Graphite in decomposed Gneiss 
(Lateritc) in Ceylon. Glaciers of Kabru, Pandira, etc. Salts of Sambhar Lake in Raj- 
putana, and ‘ Reh * from Aligarh in North-Western Provinces. Analysis of Dolomite 
from Salt-range, Punjab. 

Part 2 (out of pn'n/).--Oil near Moghal Kot, in Sherini country, Suleiman Hills. Mineral Oil 
from Suleiman Hills. Geology of Lushai Hills. Coal*fields in Northern Shan States. 
Reported Nama^ka Ruby-Mine in Maincldn State. Tourmalme (»Schorl) Mines in Mainglfin 
State. Salt-spring near Bawgvo, Thibaw State. 

Part 3 (out of print).— Boring in Daltonganj Coal-field, Palamow. Death of Dr. P. Martin 
Duncan. Pyroxenie varieties of Gneiss and Scapolite-bearing Rocks. 

Part 4 (out of print). — Mammalian Bones from Mongolia. Darjiling Coal Exploration. Geology 
and Mineral Resources of Sikkim. Rooks from the Salt-range, Punjab. 

Vol. XXV, 1892. 

Part 1 (out of print ).—Annual report for 1891. Geology of Thai Chotiali and part of Mari 
country. Petrological Notes on Boulder-bed of Salt-range, Pnnjab. Sub-recent and 
Recent Deposits of valley plains of Quetta, Pishin, and Daaht-i-Bedalot ; with appendices 
on Chammans of Quetta ; and Artesian water-Bupply of Quetta and Pishm. 

Part 2 (out of print).— Geology of Safcd Kfth. Jherria Coal-field. 

Part 3 (out of print ).— Locality of Indian Tscheffkinite. Geological Sketch of country north of 
Bh&mo. Economic resources of Amber and Jado mines area in Upper Burma. Iron-ores 
and Iron industries of Salem District. Riebeckite in India. Coal on Great Tenasscrim 
River, Lower Burma. 

Part 4 (out of print). —Oil Springs at Mogal Kot in Shirani Hills. Mineral Oil from Suleiman 
Hills. New Ambar-like Resin in Burma. Triassic Deposits of Salt-range. 

Vol. XXVI, 1893. 

Port l (out of print). —Annual report for 1892. Central Himalayas. Jadeitc in Upper Burma, 
Burmite, now Fossil Resin from Upper Burma. Prospecting Operations, Mcrgui District, 
1891-92. 

Part 2 (out of print). —Earthquake in Baluchistan of 20th Deoember 1892. Burmite, new amber - 
like fossils from Upper Burma. Alluvial deposits and Subterranean water-supply of 
Rangoon. 

Part 3 (out of print). —Geology of Sherani Hills. Carboniferous Fossils from Tenasserim. 
Boring at Chandemagore. Granite in Tavoy and Mergui. 

Part 4 (out of print ).—Geology of country between Chappar Rift and Harnai in Baluchistan. 
Gaologv of part of Tenaaaerim Valley with special reference to Tendau-Kamapying Coal- 
field. Magnetite containing Manganeae and Alumina. Hialopite. 
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Vol. XXVII* 1894. 

Part 1 (out of print).—Annual report for 1893. Bhaganwala Coal-field, Salt-range, Punjab. 

Part 2 (out of print).—Petroleum from Burma. Singareni Coal-field, Hyderabad (Deccan). 
Gohna Landslip, Garhwal. 

Part 3 (out of print ).—-Cambrian Formation of Eastern Salt-range. Giridih (Karharbari) Coal¬ 
fields. Chipped (?) Flints in Upper Miooene of Burma. Velates Sohmideliana, Chemn., 
and Provelates grandis, Sow. sp., in Tertiary Formation of India and Burma. 

Part 4 (out of pr\nt ).—-Geology of Wuntho in Upper Burma. Echinoids from Upper Cretaceous 
System of Baluohistan. Highly Phosphatic Mica Periodotites intrusive in Lower Qondwana 
Books of Bengal. Mica-Hyperathene-Hornblende-Periodotite in Bengal. 


Vol. XXVni, 1895. 

Part 1 .—Annual report for 1894. Cretaceous Formation of Pondioherry. Early allusion to 
Barren Island. Bibliography of Barren Island and Naroondam from 1884 to 1894. 

Pari 2 (out of print ).—Cretaceous Bocks of Southern India and geographical conditions during 
later cretaceous times. Experimental Boring for Petroleum at Sukkur from October 1893 
to March 1895. Tertiary system in Burma. 

Part 3 (out of print ).—Jadeite and other rocks, from Tamm aw in Upper Burma. Geology of 
Toohi Valley. Lower Gondwanas in Argentina. 

Part 4 (out of print ).—Igneous Rocks of Giridih (Kurhurbaroe) Coal-field and their Contact 
Effects. Vindhyan system south of Sone and their relation to so-eallod Lower Vindhyans. 
Lower Vindhyan area of Sone Valley. Tertiary system in Burma. 


Vol. XXIX, 1896. 

Part 1 (out of print ).—Annual report for 1895. Acicular inclusions in Indian Garnets. Origin 
and Growth of Garnets and of their Micropegmatitio intergrowths in Pyroxenio rocks. 

Part 2 (out of print). —Ultra-basio rocks and derived minerals of Chalk (Magnesite) hills, and other 
localities near Salem, Madras. Corundum localities in Salem and Coimbatore districts, 
Madras. Corundum and Kyanite in Manbhnm district, Bengal. Ancient Geography of 
“ Gondwana-land ”. Notes. 

Part 3 .—Igneous Rocks from the Toehi Valley. Notes. 

Part 4 (out of print ).—Steatite mines, Minbu district, Burma. Lower Vindhyan (Rub-Kaimur) 
area of Sone Valley, Rewah. Notee. 


Vol. XXX, 1897. 

Part 1 (out of print).—Annual report for 1896. Norite and associated Basie Dykes and Lava 
flows in Southern India. Genus Vertcbraria. On Glossopteris and Vertebraria. 

Part 2 .—CretaceouB Deposits of Pondichorri. Notes. 

Part 3 (out of print ).—Flow structure in igneous dyke. Olivine-norite dykes at Coonoor. Exca¬ 
vations for corundum near Talakod, Salem District. Occurrence of coal at Palana in 
Bikaner. Geological specimens collected by Afghan-Baluch Boundary Commission of 1896. 

Part 4 (out of print ).—Ncmalite from Afghanistan. Quartz-barytes rock in Salem district, 
Madras Presidency. Worn femur of Hippopotamus irravadious, Caut. and FaJo., from 
Lower Pliocene of Burma. Supposed coal at Jaintia, Baxa Du are. Percussion Figures 
on micas. Notes. 


Vol. XXXI, 1904. 

Part 1 (out of print ).—Prefatory Notice. Copper-ore near Komai, Darjiling district. Zewan 
beds in Vihi distriot, Kashmir. Coal deposits of Isa Khel, Mianwali district, Punjab. 
Um-Rileng coal-beds, Assam. Sapphirine-beariDg rock from Vizagajatam Distriot. Mis¬ 
cellaneous Notes. Assays. 

Part 2 (out of print). —Lt.-Genl. C. A. MacMahon. Cyclobus Haydoni Dicner. Auriferous 
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modern mothods 
of Coke-making at East Indian Railway Collieries, with supplementary note by Director, 
Geological Survey of India. Miscellaneous Notes. 

Part 3 (out of print).— UppeT Paleozoic formations of Eurasia. Glaciation and History of Sind 
Valley. Haloritea in Trias of Baluchistan. Geology and Mineral B©sources of Mavur- 
bhanj. Miscellaneous Notes. 

Pari 4 (out of Geology of Upper Assam. Auriferous Ooeurrenoes of Assam. Curious 

occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index. 

18 




Vol. XXXII, 1906. 

Part 1 . —Review of Mineral Production of India during 1898-1903. 

Part 2 (out of print). —General report, April 1903 to December 1904. Geology of Provinces 
of Tsang and U in Tibet. Bauxite in India. Miscellaneous Notes. 

Part 3 (out of print). —Anthracolithio Fauna from 8ubansiri Gorge, Assam. Elephae Antiquus 
(Namadieus) in Godavari Alluvium. Triassio Fauna of Tropites-Limestone of Byans. 
Amblygonite in Kashmir. Miscellaneous Notes. 

Part 4. —Obituary notices of H. B. Medlicott and W. T. Blanford. Kangra Earthquake of 
4th April 1906. Index to Volume XXXII. 


Vol. XXXIII, 1906. 

Part 1 (out of print). —Mineral Production of India during 1904. Pleistocene Movement in 
Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern ShaD States. 
Natural Bridge in Gokteik Gorge. Geology and Mineral Resources of Namaul District 
(Patiala State). Miscellaneous Notes. 

Part 2 (out of print). —General report for 1905. Las hi o Coal-field, Northern Shan States. 
Namma, M&nsang and Man-ae-le Coal-fields, Northern Shan States, Burma. Miscellaneous 
Notes. 

Part 3 {out of print). —Petrology and Manganese-ore Deposits of Sausar Tahsil, Chhindwara 
district. Central Provinces. Geology of part of valley of Kanban River in Nagpur and 
Chhindwara districts. Central Provinces. Manganite from Sandur Hills. Miscellaneous 
Notes. 

Part 4 ( out of print).- Composition and Quality of Indian Coals. Classification of the Vindhyan 
System. Geology of State of Panna with reference to the Diamond-bearing Deposits. 
Index to Volume XXXIII. 


Vol. XXXIV, 1906. 

Part J (out of privi). —Fossils from Halorites Limestone of Bambanag Cliff, Kumaon. Upper 
Triassio Fauna from Pishin District, Baluchistan. Geology of portion of Bhutan. Coal 
Occurrences in Foot-hills of Bhutan. Dandii Coal-field : Coal outcrops in Kotii Tahsil 
of Jammu State. Miscellaneous Notes. 

Part 2 (out of print). —Mineral production of India during 1905. Nummulites Douvillei, with 
remarks on Zonal Distribution of Indian Nummulites. Auriferous Tracts in Southern 
India. Abandonment of Collieries at Warora, Central Provinces. Miscellaneous Notes. 

Part 3 (out of print ).—Explosion Craters in Lou er Chindwin District, Burma. Lavas of Pavagad 
Hill. Gibbsite with Mangauese-ore from Talevadi, Belgaum district, and Gibbsite from 
Bhekowli, Satara District. Classification of Tertiary System in Sind with reference to 
Zonal Distribution of Eocene Echinoidea. 

Part 4 {out of print). —Jaipur and Nazira Coal-fields, Upper Assam. M&kum Coal-fields between 
Tirap and Nam dang Stroama. Kobat Anticline, near Seiktein, Myingyan district. Upper 
Burma. Asymmetry of Yenangyat-Singu Anticline, Upper Burma. Northern part of 
Gwegyo Anticline, Myingyan District, Upper Burma. Breynia Multituberculata, from 
Nan of Baluchistan and Sind. Index to Volume XXXIV. 


Vol. XXXV, 1907. 

Part 1 {out of print).— General report for 1906. Ortho phragmina and Lepidocyclina in Nummu- 
litio Series. Meteoric Shower of 22nd October 1903 at Dokachi and neighbourhood, Dacca 
district. 

Part 2 (out of print). —Indian Aerolites. Brine-wells at Bawgyo, Northern Shan States. Gold- 
bearing Deposits of Loi Twang, Shan States. Physa Prinsopii in Macstrichtian strata of 
Balaohistan. Miscellaneous Notes. 

Part 3. —Preliminary survey of certain Glaciers in North-West Himalaya. A.—Notes on certain 

Glaciers in North-West Kashmir. 

Part 4 *—Preliminary survey of certain Glaciers in North-West Hi malaya. 13.—Notes on oertain 
Glaciers in Lahaul. C.—Notes on oertain Glaciers in Kumaon. Index to Volume XXXV. 


Vol. XXXVI, 1907-08. 

Part 1 (out of print ).—Petrological Study of Rocks from hill tracts, Vizagapatam district, Madras 
Presidency. Nepheline Syenites from hill tracts, Vizagapatam district, Madras Presidency. 
Strati graphical Position of Gangamopteris Beds of Kashmir. Volcanic outburst of jVte 
Tertiary Age in South Hsenwi, N. Shan States. New tuide from Bugti Hills, Balsehiataa, 
Permo-Oarbcmilerous Plants from K as h m ir * 
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Part t {amt of print ),—Mineral Production of India during 1006. Ammonites of Bagh Bede. 
Miscellaneous Notes. 

Part 3 (out of print ).—Mwine fossils in Yenangyaung oil-field, Upper Burma. Freshwater 
shells of genus Batiasa in Yenangyaung oil-field, Upper Burma. New Species of Dendro- 
phyllia from Upper Miocene of Burma. Structure and age of Taungtha hills, Myingyan 
district. Upper Burma. Fossils from Sedimentary rocks of Oman (Arabia). Rubies in 
Kacbin bills. Upper Burma. Cretaceous Orbitoides of India. Two Calcutta Earthquakes 
of 1906. Miscellaneous Notes. 

Pari 4 (out of print). —Pseudo-Fucoids from Pab sandstones at Fort Munro, and from Vindhysn 
series. Jadeite in Eachin Hills, Upper Burma. Wetchok-Yedwet Pegu outcrop, Mague 
district. Upper Burma. Group of Manganates, comprising Hollandite, Psilomelaiie and 
Coronadite. Occurrence of Wolfram in Nagpur district, Central Provinces. Miscellaneous 
Notes. Index to Volume XXXVI. 


Vol. XXXVH, 1908-09. 

Part 1 (out of print ).—General report for 1907. Mineral Production of India during 1907. 

Occ ur r en ce of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 

Part 2 (out of print ).—Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind. 
Geology and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal Hills 
for glass manufacture. Three new Manganese-bearing minerals:—Vredenburgite, Sita- 
parite and Juddite. Late rites from Central Provinces. Miscellaneous Notea. 

Part 3 (out of print ).—Southern part of Gwegyo Hills, including Payagyigon-Ngashandaung 
Oil-field. Silver-lead mines of Bawdwin, Northern Shan States. Mud volcanoes of Arakan 
Coast, Burma. 

Part 4 .—Gypsum Deposits in Hamirpur district, United Provinces. Gondwanaa and related 
marine sedimentary system of Kashmir. Miscellaneous Notes. Index to Volume 

xxx vn. 


Vol. XXXVin, 1909 - 10 . 

Pari 1 .—General report for 1908. Mineral Production of India during 1908. 

Part 2 (out of print ).—Ostrea latimarginata in “ Yenangyaung stage ** of Burma. China-clay 
and Fire-clay deposits in Rajmahal Hills. Coal at Gilhurria in Rajmahal hills. Pegu 
Inlier at Ondwe, Magwe district. Upper Burma. Salt Deposits of Rajputana. Miscella¬ 
neous Notes. 

Part 3 .—Geology of Sara wan, Jhalawan, Mekran and the State of L&a Bela. Hippurite-lx aring 
Limestone in Seistan and Geology of adjoining region. FusulinidsB from Afghanistan. 
Miscellaneous Notes. 

Part 4 .—Geology and Prospects of Oil in Western Prome and Kama, Lower Burma (including 
Namayan, Padaung, Taungbogyi and Ziaing). Re correlation of Pegu system in Burma 
with notes on Horizon of Oil-hearing Strata (including Geology of Padaukpin. Banbyin 
and Aukmanein). Fossil Fish Teeth from Pegu system, Burma. Northern part of 
Yenangyat Oil-field. Iron Ores of Chanda, Centra] Provinces. Geology of Aden Hinter¬ 
land. Petrological Notes on rocks near Aden. Upper Jurassic Fossils near Aden. Mis¬ 
cellaneous Notes. Index to Volume XXXVIII. 

Vol. XXXIX, 1910. 

Quinquennial Review of Mineral Production of India during 1904 to 1908 (out of print) 


Vol. XL, 1910. 

Part 1 /—Pro-Carboniferous Life-Provinces. Lakes of Salt Range in the Punjab. Preliminary 
survey of certain Glaciers in Himalaya. D.—Notes on certain Glaciers in Sikkim. New 
Mammalian Genera end Species from Tertiarfes of India. 

Part 2 (out of print L—General Report for 1909. Mineral Production of India during 1909. 

Fart 3 .—Revised Classification of Tertiary Freshwater Deposits of India. Revision of Silurisn- 
Triaa Sequence in Kashmir. Fence tells-bearing beds in Kashmir. 

Part 4 (out of print ).—Alum Shale and Alum Manufacture, Kalabagh, Mianwali district, Punjab. 
Coal-fields in North-Eastern Assam. Sedimentary Deposition of Oil. Mi scel lane ous Notes. 
Index to Volume XL. 


Vol. XU, 1011-12. 

Part L— 1 Age and continuation in Depth of Manganese-ore* of Nagpur-Balaghat Area, Central 
Province*. Manganese-ore deposit* of Gangpur State, Bengal, and Distribution of Gondite 
Series in India. Baluchistan Earthquake of 21st October 1909. Identity of Ostrea Pro* 
meuais, Noetling, from Pegu System of Burma and Ostrea Digitalin*, EJcbwald, from 
Miocene of Europe. Mr. T. R. Blytiu Miscellaneous Notes, 

Part £ — General Report for 1910. Devonian Fossils from Ckitral, Persia, Afghanistan and 
Himalayas. S ec ti ons in Ptr Panjal Range and Sind Talley K as hm i r , 
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Part 3 .—Mineral Prodaotioa of fnrUa daring 1010* Sannnkite Mid other mineral! in Nellors 
District, Madras Presidency. Goal in Namohlk Valley, Upper Assam. Miscellaneous 
Notee. 

Part 4. —Pegn-Eooeno Succession In Minba District near Ngape. Geology of Henzada District, 
Burma. Geology of Lenar Lake, with note on Lon or Soda Deposit. International Geo¬ 
logical Congress of Stockholm. Miscellaneous Notes. Index to volume XLI. 

Vol. XLI I, 1912. 

Part 1 .—Survival of Miocene Oyster in Reoent Seas. Silurian Fossils from Kashmir. Blfldite 
from Salt Range. Gold-bearing Deposits of Mong Long, Hsipaw State, Northern Shan 
States, Burma. Steatite Deposits, Iaar State. Miscellaneous Notes. 

Part 2 .—General Report for 1911. Dicotyledonous Leaves from Coal Measures of Assam. 
Poting Glacier, Kamoon, Himalaya, June 1911. Miscellaneous Notes. 

Part 3 .—Mineral Production of India during 1911. Kodurite Series. 

Part 4 .—Geological Reconnaissance through Dehong Valley, being Geological Results of Abor 
Expedition, 1911-12. Traverse across the Naga Hills of Assam. Indian Aerolites. Mis* 
oellaneous Notes. 


Vol. XLHI, 1913. 

Part 1 (out of print ).—General Report for 1912. Garnet as a Geological Barometer. Wolframite 
in Tavoy District, Lower Burma. Miscellaneous Notes. 

Part 2 (out of print ).—Mineral Production of India during 1912. Relationship of the Himalaya 
to the mdo-G&ngetio Plain and the Indian Peninsula. Hambergite from Kashmir. 

Part 3 .—Contributions to the geology of the Province of Ydnnan in Western China : L— 
Bhamo-TAng-Ytteh Area. II.—Petrology of Volcanic Rooks of T6ng-Ytteh District. The 
Kirna Hills. Banswal Aerolite. 

Part 4. —Gold-bearing Alluvium of Chindwin River and Tributaries. Correlation of Siwalik 
with Mammal Horizons of Europe. Contributions to the Geology of the Province of 
Ytinnan in Western China : III.—Stratigraphy of Ordovician and Silurian Beds of Western 
Yttnnan, with Provisional Palaeontological Determinations. Notes on “ Camaroorinus 
Asiaticus ” from Burma. 


Vol. XLTV, 1914. 

Part 1 (out of print). —General Report for 1913. Carbonaceous Aerolite from Raj pu tana. Nam* 
mulitos as Zone Fossils, with description of some Burmese species. 

Part 2 .— Contributions to the Geology of the Province of YCLnnan in Western China : IV.— 
Country around Ydnnan Fu. Dyke of white Trap from Ponch Valley Coal-field, 
Chhindwara District, Central Provinces. Mineral concessions during 1913. 

Part 3. —Coal-seams near Yaw River, Pakokku District, Upper Burma. The Monazice Sands 
of Tra van core. Lower Cretaceous Fauna from Himalayan Gieumal Sandstone together 
with description of a few fossils from Ckikkim series. Indarotos salmontamu Pilgrim. 
Future Beheading of Son and Rer Rivers by Hasdo. 

Part 4. —Salt Deposits of Cis-Indus Salt Range. Teeth referable to Lower Siwalik Creodont 
genus * Dissopaalis' Pilgrim. Glaciers of Dhauli and Lisar Valleys, Kumaon, Himalaya, 
September 1912. Miscellaneous Notes. 

Vol. XLV, 1916. 

Part 1. —New Siwalik Primates. Brachiopoda of Namyau Beds of Burma. Miscellaneous 
Note. 

Part 2. —General Report for 1914. Note on Sivwlurus and Par&moehwodus. 

Part 3 .—Mineral Production of India during 1914. Three New Indian Meteorites. Kauiys 
puram, Shupiyan and Kom&agar. Dentition of Tragalid Genus (Doroabuntri. Hematite 
Crystals of Corundiform Habit from Kajlidongri, Central India. 

Part 4 .—Geology of country near Ngahlaingdwin. Geology ot Chitrai, Uiigit and Pamirs. 

Vol. XLVI, 1916. 

Quinquennial Review of Mineral Production of India for 1909 to 1913 ( out of print). 

Vol. XLVII, 1916. 

Part 1 .—General Report for 1915. Eocene Mammals from Burma. Miscellaneous Notes. 

Part 2 .—The Deocan Trap Flows of Lingo, Chhindwara District, Central Provinces. Iron 
Ore Deposits of Twinng6, Northern Shan States. 

Part 3 .—Obituary : R. C. Burton. The Mineral Production of India daring 1915. Flamingos- 
traa, an eastern group of Upper Cretaceous and Eocene Ostreidm, with descriptions of two 
new species. 

Part 4 .— Contributions to the Geology of the Provinoe of YAnnan in Western China: 5.— 
Geology of parts of the Salween and Mekong Valleys. A fossil wood from Burma- The 
VJnuJnnd Kkh Khsra Aerolites. 



Vou XLvm, mi 

Part 1. —General Report for 1016. A revised olassifloation of the Oondwan* System. 

Part 2 .—Mineral Production of India daring 1916. Mammal collection* from Baeal Bede of 
Siwaliks. 

Part 3 .—Crystallography and Nomenclature of Hollandite. Geology and Ore Deposit* of 
Bawd win Mines. Miscellaneous Note*. 

Part 4. —Biana-Lalsot Hill* in Eastern Rajputana. Origin of the Laterite of Seoni, Central 
Provinoe*. 


Vol, XLIX, 1918-19. 


Part i.—General Report for 1917. Casaiterite Deposits of Tavoy. 
Beds.” 


Les Echinides des “ Bagh 


Part 2 .—Mineral Production of India during 1917. Support of Mountains of Central Asia. 

Pori 3 .—Structure and Stratigraphy in North-West Punjab. Aquamarine Mine* of Daao, 
Baltiatan. Srimangal Earthquake of July 8th, 1918. 

Part 4 .—Possible Occurrenoe of Petroleum in Jammu Province : Preliminary Note on the 
Nar-Budhan Dome, of Kotli Tchad in the Punch Valley. Submerged Forests at Bombay. 
Infra-Trappeans and Silioitied Lava from Hyderabad, 8. India. 


Vol. L, 1919. 

Part 1 .—General Report for 1918. Potash Salts of Punjab Salt Range and Kohat. Origin 
and History of Rock-salt Deposits of Punjab and Kohat. 

Part 2 .—Tungsten and Tin in Burma. Inclination of Thrust-plane between Siwalik and Murree 
acme near Kotli, Jammu. Two New Fossil Localities in Garo Hills. Sanni Sulphur Mine. 
Miscellaneous Notes. 

Part 3 (out of print ).—Mineral Production of India during 1918. Gastropoda Fauna of Old 
Lake-beds in Upper Burma. Galena Deposits of North-Eastern Pntao. 

Part 4 (out of print). —Pitchblende, Mon&zite and other minerals from Piohhli, Gaya district, 
Bihar and Orissa. Natural Gas in Bituminous Salt from Kohat. Mineral Resources 
of Central Provinoee. Miscellaneous Notes. 


Vol. LI, 1920-21. 

Part 1. —General Report for 1919. Pseudo-crystals of Graphite from Travanoore. Mineral 
related to Xenotimo from Manbhum District, Bihar and Orissa Province. Coal Seams 
of Foot-Hills of the Arakan Yotna, between Letpan Yaw in Pakokku and Ngap6 in Minbu, 
Upper Burma. Observations on “ Physa Prinsepii,*’ Sower by and on a Clionid Sponge 
that burrowed in its shell. 

Part 2. —Classification of fossil Cypraid®. Sulphur near the confluence of the Greater Zab 
with the Tigris, Mesopotamia. Miscellaneous Notes. 

Part 3. —Mineral Production of India dunng 1919. Results of a Revision of Dr. Noetling's 
Second Monograph on the Tertiary Fauna of Burma, Marine Fossils collected by Mr. 
Piafold in the Garo Hills. _ 

Part 4. —Illustrated comparative Diagnoses of Fossil Terebrid® from Burma. Indian Fossil 
Vivipar®. New fossil Unionid from the Intertrappean beds of Peninsular India. Unionid® 
from the Miooene of Burma. 

Vol. LH, 1921. 

Quinquennial Review of Mineral Production of India for 1914-1918. 

Vol. LIII, 1921. 

Part 1. —General Report for 1920. Antimony deposit of Thabyu, Amherst district. Antimony 
deposits of Southern Shan States. Geology and Mineral Resources of Eastern Persia. 
Miscellaneous Notes. 

Part 2. —<V»mparative Diagnoses of Pleorotomid® from Tertiary Formation of Burma. Com¬ 
parative Diagnoses of Conid m and Canoeiiariid® from Tertiary of Burma. Stratigraphy, 
Fossils and Geological Relationships of La met* Beds of Jubbulpore. Rooks near Lameta 
Ghat (Jubbulpore District). 

Part 3 (out of pi ini). —Obituary: Frederick Richmond Mallet. Mineral Production of India 
daring 1920. Mineral Resources of Bihar and Orissa. 

Part 4 .—Stratigraphy ot the Singu-Yenangyat Area. Analysis of Singu Fauna. Sulphur 
Deposit* of Southern Persia. A Zone-Fossil from Burma: Ampullina (Megatylotos) 
Birmanica. 

Vol. LTV, 1922. 

Part 1 .— General Rspors for 1921. Contributions to the Geology of the Provinoe of Yfinnan 
in Western.China : VI.—Traverses between Tali Fu and Yunnan Fu. Geology of Takki 
Zam Valley, and Kaoiguram-Makin Area, Wadristan. Geology of Thayetmyo and neigh¬ 
bourhood, including Padaukbin. Bitumen in Bombay Island. 

Part 2.—Mineral Production of India during 1921. Iron Ores of Singhbhum and Orissa. Geo- 
logical Results of Mount Everest Reooanaissanoe Expedition. Northern Extension of 
WoUr*m*bearing Zone in Burma. Miscellaneous Note. 
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Part 3 ,—Obituary ; Rupert William Palmer. Indian Tertiary Gastropoda. IV.—Qllxid®. 
Harpid®, Marginellid®, Vo Inti d« aud Mitrid®, with comparative diagnoses of new species. 
Structure of Cuticle in Glossopteris angustifolia Brongn. Revision of some Fossil Baianc- 
morph Barnacles from India and the East Jndian Archipelago. Contributions to the Geo¬ 
logy of tho Province of Y finnan in Western China: 7. —Reconnaissance Surveys between 
Shunning Fu, Chingtong Ting and Tali Fa. 8.—Traverse down Yang-tzo-chiang Valley 
from Chin-chaing-kai to Hui-li-Chou. Boulder Beds beneath Utatur State, Trichinopoly 
District. MiscellaneouB Notes. 

Part 4. —Geology of Western Jaipur. Geological Traversos from Assam to Myitkyina, through 
Hukong Valley; Myitkyina to Northern Putao ; and Myitkyina to Chinese Frontier. Oli- 
gooene Eohinoidea collected by Rao Bahadur S. Sethu Rama Rau in Burma. Mineral 
Resources of Kolhapur State. Kunghka and Manmaklang Iron Ore Deposits, Northern 
Shan States, Burma. 

Vol. LV, 1923-24. 

Part 1 .—General Report for 1922. Indian Tertiary Gastropoda, No. 5, Fusidee, Turbinellid®, 
Chrysodomidffi, Strepturid®, Buccinid®, Nassida?, Columbellid®, with short diagnoses of 
new species. Geological Interpretation of some Recent Geodetic Investigations (being a 
second Appendix to the Memoir on the structure of the Himalayas and of tho Gangetic 
Plain as eluoidated by Geodetio Observations in India). 

Part 2. —Obituary: Ernest (Watson) Vrodenburg. Fossil Molluscs from Oil-Measures of Dawns 
Hills, Tenosserim. Armoured Dinosaur from Lametta Beds of Jubbulpore. Fossil forms 
ofPlacuna. Phylogeny of some Turbinellid;r. Recent Falls of Aerolites in India. Geology 
of part of Khasi and Jaintia Hills, Assam. 

Part 3. —Mineral Production of India during 1922. Lipmtic Coal-fields in Karcwa formation 
of Kashmir Valley. Basic and Ultra-Basic Members of tho Chamockitc Series in the Central 
Provinces. China Clay of Karalgi, Khanapur, Belgaum District. 

Part 4. —Obituary: Henry Hubert Haythn. Oil Shales of Eastern Amherst, Burma, with a 
Sketch of Geology of Neighbourhood. Provisional list of Palaeozoic and Mesozoic Fossils 
collected by Dr. Coggin Brown in Yunnan. Fall of three Meteoric Irons in Rajputana 
on 20th May 1921. Miscellaneous Note. 

Vol. LVI, 1924-25. 

Part 1 —General Report for 1923. Mineral De}>osits of Burma. 

Part 2 .—Mineral Production of India during 1923. Soda rocks of Rajputana. 

Part 3. —Gyrolito and Okenite from Bombay. Freshwater Fish from oil-measures of Dawns 
Hills. Fossil Ampullariid from Poonch, Kashmir. Calcareous Alga belonging to Triplo 
porellc® (Dasyciadace®) from Tertiary of India. Troth Flotaticn of Indian Coals. Sub¬ 
marine Mud Eruptions off Arakan Coast, Burma. Cretueeous Fossils from Afghanistan 
and Khorasan. 

Part 4. —Mcrua Meteorite. Stegodon Ganesa in Outer Siwaliks of Jammu. Land and Fresh¬ 
water Fossil Molluscs from K are was of Kashmir. Burmese Lignites from Nam in a, Lashio 
and Pauk. Maurypur Salt Works. 

Vol. LVII, 1925. 

Quinquennial Keviow of Mineral Production of India for 1919-1923. Price 5 Rs. 10 As. 

Vol. LVIII, 1925-26. 

Part 1 .—General Report for 1924. Fossil Tree in Panchet Series of Lower Gondwanas near 
Aaansol, with Palaeontological Description. 

Part 2. —Obituary : Francis William Walker. Possibilities of finding concealed coal-field at a 
workable depth in Bombay Presidency. Basaltic Lavas penetrated by deep boring for 
coal at Bhusaw&l, Bombay Presidency. 

Part J.—Mineral Production of India during 1924. Enstatite-Augite Series of Pyroxenes. 
Constitution of the Glauconite and Celadonite. Palagonite-bearing Dolerite from Nagpur. 

Part 4. —Fossils CrHacGs de I’Afghanistan. Fossiles du Kashmir et dee Pamirs. Additions 
and Corrections to Vredenburg’s Classification of the Cypr®id®. Petrology of Rocks from 
Girnar and Oah&m Hills, Kathiawar, India. 

Vol. LIX, 1926. 

Part 1 .—General Report for 1925. Forn mini fern of parts of Western India. 

Part 2 .—Sampling Operations in Peuch Valley Coal-field. Composition of some Indian Garnets. 
Geology of Andaman and Nicobar Islands, with special reference to Middle Andaman Island. 
Occurrence of Cryptohalite. Rdmarks on Carter's Genus Conulitea. 

Part J.—Mineral Production of India during 1925. Metamorphic Rocks and Intrusive Granite 
of Chhota Udepur State. Indian Species of Conoclypeus. 

Part 4.—Low-Phosphorus Coking Coal in Giridih Coal-Field. Distribution of Gault in India. 
Age of so-called Danian Fauna from Tibet. Bauxite on Kortapat Hill, Kalahandi State, 
Bihar and Orissa. 

Vol. LX, 1927-28. 

Part 1 .—General Report for 1926. Six Recent Indian Aerolites. 

Part 2 .— Gas Eruption on Ramri Island, off Aracan Coast of Burma, in July, 1926. Oil Indi¬ 
cations at Drigh Road near Karachi. Lower Canine of Tetra conod on. Geology of 
Bondi State, Rajputana. 

Part 3 ,—Mineral Production of India during 1926. Geological Traverse in Yunsslin Valley. 
Aanbala Boring of 1926-27. Indian Unionid®. 



Parti .—Relationship between Specifio Gravity and Ash Content# of Cools ofKorea and Bokaro 
Coal* u Colloid Systems. Contact of Basalt with ooal-seam in the Isle of Skye, Scotland. 
Comparison with Indian examples. Barakar-Ironstone Boundary near Begunia, Raniganj 
Coal-Field. Raniganj-Panohet Boundary near Asansol, Raniganj Coal-Field. Permo- 
Carboniferous Marine Fauna from Umaria Coal-field. Geology of Umaria Coal-field, Rewah 
State, Central India. Composition and Nomenclature of Chlorophssite and Palagonite, 
and on Chlorophaaite Series. Miscellaneous Notes. 

Vol. LXI, 1928-29. 

Part I.—General Report for 1927. Actionodon risinensis in Lower Gondwanas of Vihi district, 
Kashmir. Miscellaneous Note : Further Note on Nomenclature of Hollandite. 

Part 2. —Contribution to Geology of Punjab Salt Range. Iron Ore Deposits of Northern 8han 
States. Lower Canine of Indian Speoies of Conohyus. Miscellaneous Note: Leuoopy- 
rite from Kodarma. 

Part 3 . —Mineral Production of India during 1927. Note on Coking Tests with Gondtfana 
Coals. Zinc-Spinel from Southern India. New Indian Meteorite : Lua Fall. Miscella¬ 
neous Note : Lftllingite from Hazaribagh District. 

Part 4. —Erratics of the Punjab. Cretaceous Dinosaurs of Trichinopoly District, and Rocks 
associated with-them. Orbitolin» from Tibet. Joya Mair Dome Fold, near Chakwai, 
Jhelum District, Punjab. Occurrence of Allophane at Tikak, Assam. Miscellaneous 
Note : Australian Species of Genus Gisortia. 

Vol. LXII, 1929-30. 

Part 1. —General Report for 1928. Miscellaneous Note : New Chromite Localities. 

Part 2. —Obituary : Sivarau Sethu Rama Rau. Specifio Gravity and Proximate Composition of 
Indian Vitrains. New Devonian Fossils from Burma. Rangoon Earthquakes of Septem¬ 
ber and December 1927. Epicentre of North-West Himalayan Earthquake of 1st February 
1929. Miscellaneous Notes: Indian Beryl, Atacamite in Bihar and Pyromorphite in 
Bhagalpur district, Bihar. 

Part 3. —Mineral Production of India during 1928. Granophyric Trachite from Salsette Island, 
Bombay. Coal Resources of Jharia Coalfield. Coal lost by Fires and Collapses in Indian 
Coal Mines. 

Part 4. —Age of Aravalli Range. Lake’s Rule for Angle of Overthrust, as applied to Himalayas. 
Permo-Carboniferous Succession in WarohA Valley, Western Salt Range, Punjab. Naoki 
(Hyderabad) Meteoric Shower of 29th September 1928. Miscellaneous Notes : Boring 
for water at Daryapur and Fossil Eggs at Yenangyaung. 

Von. LXI 11, 1930. 

Part 1 .—General Report for 1929. Upper Triassio Fossils from Burmo-Siamese Frontier.— 
Tbaungyin Trias and Description of Corals. Upper Triassio Foesils from Burmo-Siamese 
Frontier.—Brachiopoda and Lamellibranchia from Thaungyin River. Upper Triassic 
Fossils from Burmo-Siamese Frontier.—Fossils from Kamawkala Limestone. Upper 
Triassic Fossils from Burmo-Siamese Frontier.—New Daaycladacea, HoUwtorella siamensis 
nov. gen., nov. sp., with Description of Allied Genus Aciculelia Pia. Cretaoeoua Cephalo¬ 
poda in ‘ Red Bods ’ of Kalaw, Southern Shan States, Burma. 

Part 2. —Methods of Analysis of Coal used at Government Test House, Aliporo, Calcutta, with 
an Editorial Introduction. New fossil localities within Panchot series of Raniganj Coal¬ 
field. Species of Cyllent from Pegu Beds of Burma. Two new species of Uitio. Glaciers 
of Karakoram and Neighbourhood. Miscellaneous Note : Dome near Mari in Attock 
District. 

Part 3 .—Mineral Production of India during 1929. On the Specific Gravity and Proximate 
Composition of some Indian Du rains. 

Part 4. —Aspects of Modern Oil Field Practice. Undescribed freshwater Molluscs from various 
parts of India and Burma. Second note on North-West Himalayan Earthquake of 1st 
February, 1929. Miscellaneous Notes : Trmnolite from near Jasidih, Bihar, Sapphirine in 
Viaagapatam District and Titaoiferous Augite from Chandrawati, Sirohi State, Rajputana. 

Vol. LXIV, 1930. 

Quinquennial Review of Mineral Production of India for 1924-1928. Price 9 Rs. 6 As. 

Vol. LXV, 1931-32. 

Part 1 .—General Report for 1930. Additional Note on Samelia Meteorite. Zoning and 
Difference in Composition of Twinned Plagioclase Felspars in oertain rocks from Sirohi 
State, Rajputana. Albite-Ala B Twinning of Plagioclase Felspars in oertain acidio rooks 
from Sirohi State, Rajputana. Jurassic Fossils from Northern Shan States. 

Part 2. —Syntaxis of North-West Himalayas : Its Rooks, Tectonics and Orogeny. Preliminary 
Note on Pegu Earthquake of May 6th, 1930. Determination from World Records of 
Zero-time and Epicentre of Pegu Earthquake of May 6th, 1930. Long Distance Wave 
Speeds of Pegu Earthquake of May 6th, 1930. Rooks bearing Kyanite and Sillimanite 
in Bh&ndara District, C. P. Stratigraphy of Upper Ranikot Senes (Lower Eocene) of Sind, 
India. Miscellaneous Note : Fuchsite Vase from Mo hen jo Daro (Sind). 

Part 3. —Mineral Production of India during 1930. Geology and Lead-ore Deposits of Mawson, 
Federated Shan 8tates. Weathering of Vindhyan Building Stone. MacluriUs from 
Ordovician of Burma. Miscellaneous Notes: Supplementary note on “ Revisions of 
Indian Fossil Plants, Part II Couiferalas (6. Petrifactions), 1031 ” and Eruption of Mad 
volcano off Arakan Coast. 
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Part 4 ,—Reaction Minerals in Garnet-Cordierite-Gneiss from Mogok. Vindhyans of western 
Raj paten*. Granitio Intrusions in Ranohi and Singhbhum Districts. Miscellaneous 
Notes: Chon in Krol Limestone ; Green Mica from Bhandara District; and Olivine- 
Basalt and Toffs in Mal&ni Series at Jodhpur. 

VOL. LXVI* 1932-33. 

Part 1 .—General Report for 1931. Rndist® from Eastern Persia. 

Part 2. —Lower Palaeozoic Fossils from the Southern Shan States. Geology of Naoga Parbat 
(Mt. XHamir) and adjoining portions of Chilaa, Gilgit District, Kashmir. Fossil Plante from 
Parsora Stage, Rewa. Swa Earthquake of August 6th, 1929. Overlap in the Ngape Area, 
Minbu District. Misoellaneous Note : Ammonite from Ramri Island. 

Part 3. —Mineral Production of India during 1931. Microscopic Study of some Indian Coals. 
Specific Gravity and Porosity of Indian Building Stones. Indian Seismological Records 
of Chief Shocks in N.*E. Frontier Region of Burma during 1929 and 1930. Glacier in 
Arwa Valley, Garhwal. 

Part 4. —Stratigraphic significance of Fusulinids of Lower Productus Limestone of Salt Range. 
Dadoxytan ZaUsaJcyi, anew Species of Cordaitean trees from Lower Gondwanas of India. 
Fossil Pentalocular Fruit from Pondicherry. Kalava (Calwa) * Wall ’ in Kurnool District. 
Talc-Serpentine-Chlorite Rocks of Southern Mewar aDd Dungarpur. Age of certain 
Himalayan Granites. Tables of Production, Imports, Exports and Consumption of 
Minerals and Metals in India. 

Vol. LXVII, 1933-34. 

Part 1 .—General Report for 1932. Anthracolithic Faunas erf Southern Shan States. 

Part 2. —Geological Reconnaissance in Southern Shan States. Geology cf the country between 
Kalaw and Taunggyi Southern Shan States. 

Part 3 .—Miueral Production of India during 1932. Geological Notes on Traverses in Tibet 
made by Sir Henry Hayden in 1922. Origin of 8treaky Gneisses of Nagpur District. 

Part 4. —Geology of the Krol Belt. Crush Conglomerates of Dharwar Age from Chota Nagpur 
and Jubbulpore. 

Von. LXVIII, 1934-35. 

Part 1. —General Report for 1933. Obituary : Malhari Vinayak Rao. Khanpur Meteoric 
Shower. Cambrian Sequence of Punjab Salt Range. 

Part 2. —Cambrian-Trias Sequence of North Western Kashmir (Parts of Muzaflarabad and 
Baramula Districts). Preliminary account of Earthquake of 15th .January, 1934, in Bihar 
and Nepal. Obituary : Pramatha Nath Boee. Miscellaneous Notes : Barytes in Manbhum 
District, Bibar; Soda Deposit and Manufacture of Caustic Soda and Crude Soap at Paran- 
tij, Ahmed*bad District; Potash content of Reshta , Sambhar Salt I.ake, Rajputana; 
Alunogeu from Cuddapah District ; and Quarterly Statistics of Production of Coal, Gold 
and Petroleum in India : January to March, 1934. 

Part 3. —Mineral Production of India during 1933. Manganese-Lime Series of Garnets. Che¬ 
mical Composition of Deccan Trap Flows of Linga, Clihindwara District, Central Pro¬ 
vinces. Miscellaneous Note: Quarterly Statistics of Production of Coal, Gold and Petro¬ 
leum in India : April to June, 1934. 

Part 4. -Soils of India. Lateritisation of Khondalito. Snout of Biafo Glacier in Baltistan. 
Turonian Ammonite (Atammites Daviesi) from Ramri Island, Burma. Miscellaneous Notes : 
Quarterly Statistics of Production of Coal, Gold and Petroleum m India : July to Septem¬ 
ber, 1934 ; Tertiary Rocks near Puri; and Cretaceous and Eocene Volcanic Rocks of the 
Great Himalaya Range in North Kashmir. 

Von. LXIX. 1935-36. 

Part I.— General Report for 1934. Primitive Fossils, possibly Atrematous and Neotrematoue 
Brachiopoda, from the Vindhyans of India. Miscellaneous Notes Quarterly Statistics 
of Production of Coal, Gold and Petroleum in India : October to December* 1934, and 
Additional Note on Nomenclature of Hollandite. 

Part 2. —Traverses in Himalaya. Jabalpur Plants from Satpura-Gondwana Basin. Rhixo - 
mopsig Gothan and Sze and Dictyopteridium Feist mantel. Sphserosiderite, containing 
a New Species of Dadoxylon (D. par Miens*), from Lower Gondwana Coal Measures of 
India. Earthquakes recorded by the Pendulum Seismograph at Shillong (Assam) from 
1903 to 1931. Preliminary Geological Report on Baluchistan (Quetta) Earthquake of 
May 31st, 1935. Miscellaneous Notes : Quarterly Statistics of Production of Coal, Gold 
and Petroleum in India: January to March, 1935 and Gypsum in Tapper Vindhyans of 
Kaj putana. 

Part 3 .—Mineral Production of India during 1934. India's Coal Resources. (Being a 
note on the reserves available in India of good quality coal including coking coal). 
Results of Low-Temperature Carbonisation of some Lower Gondwana Indian Coals. 
Attrition tests on Stones used as Road-Metal in India. Obituary : James Malcolm Mac* 
laren. Miscellaneous Note : Quarterly Statistics of Production of Coal, Gold and Petro¬ 
leum in India : April to June, 1935. 

Part 4, —Buchanan’s Latent© of Malabar and K&nara. Solubility of Quartz. Natural Gas at 
Gogha, Kathiawar. Patwar Meteorio Shower of the 20th July, 1935. Fermoria 
minima : A Revised Classification of Organic Remains from Vindhyans of India. Ore 
minerals from Bawdwin, Shan States. Misoellaneous Note: Quarterly Statistics of 
Production of Coal* Gold and Petroleum in India: July to September, 1935. 
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Quinquennial Review of Mineral Prodirotted of lnt$0- for 1929-1983. Price 0 Re. 4 As. 

. Vol. 11 , 1936-87! 

Pari L--«>General Report for 1935. Bytj'Rocks of Keohjhar State, Bihar and Oriua. Miscel¬ 
laneous Note: Quarterly Statistic* of Production of Coal, Gold and Petroleum in 
India : October to December, 1935. 

Part 2 .—Perpeti Meteoric Shower of 14th May, 1935. Tirupati and Bafcjoi Meteorites. Ostrca 
(Crasoostrea) gajensis from near Baripada, Mayurbhanj State. MaUmidinm and Weichsdie 
in India. Cretaceous Cephalopoda from Rod Beds of Kalaw and Age of Red Beds. Con¬ 
tributions to tho Geology of the Pr^vineo of Yfinnan in Western China : 9.—Br&chiopod 

Beds of Liu-wun and related formations in Shan States and Indo-China. • Geological Ago 
of Namyau, Liu-wun and Napeng Beds and of certain other formations in Inao-China. 
Miscellaneous Note: Quarterly Statistics of Production of Coal, Gold and Petroleum in 
India: January to March, 1936. 

Part 3 .— Mineral Production of India during Garble of the North-West Frontier Pro¬ 

vince. Miscellaneous Noth: Quarterly f5tatirftics of Production of Coal, Gold and Petro¬ 
leum in India : April to June, 1936. s. 

Part 4. —Obituary: Richard Dixon Oldham. Geology of Second Defile of Irrawaddy River. 
Orbitolina-bearing rocks in Burma : with description of* Orbitolina btrmani.ca t sp. nov. 
Rocks in vicinity of Kyaukse. Burma. Mesozoic coniferous wood ( Mesembrioxylon 
shananse, sp. nov.) from Southern Shan States of Burma. Fornminifera from Inter- 
trappean Bods near Rajahmundry. Holosporello cf. If. Sicrmtnsi* Pin , from Rajah- 
mundry Limestones. Maleri bods cf*H$derabad State (Dtccan) and Tiki Beds of South 
Rewa. Structure of Himalaya ih Garb wul. Miscellaneous Notes : CotiK Shale in 
Deccan Trap in Indore, Central India. Octahedral Pyrite Crystals from Ivohat 
District, North-West Frontier Province. Quarterly Statistics of Prodmtion of Coal, 
Gold and Petroleum in India : July to September, 1936. 

Vol. 72, 1937. 

Parti .—General Report for 1936. Note on ‘coalite’. Fresh water <aud Land Fossil Molluscs 
from near Ghorband, Afghanistan. Provisional statistics of some of the more im¬ 
portant Indian Minerals for 1936. Miscellaneous Note: Quarterly Statistics of Pro¬ 
duction ol Coal, Gold and Petroleum in India: October to Docemher, 1936. 

Part £.—Snout of Gangotri Glacier, Tehri Garhw&l. Petroleum Technology in Burma during 
1936 vith social reference to Protection of Oil and Gas Sands. Cretaceous Volcanic 
Scries of Astor-Deosai, Kashmir, and it-* Intrusion^. Pcrmo-Carbonifcious Limestone 
Inliers in Sub-Himalayan Tertiary Zone of Jammu, Kashmir Himalaya. Shark Tooth 
from Lower Eocene. Fossil Fish-remains Jrom Karevas of Kashmir. Fossil Fish-remains 
from Saline Series of North-Western India. Fossil Plants from Po Scries of Spiti (N. W. 
Himalayas). Polished and Thin Section Technique in Laboratory of Geological Survey 
of India. Marble and Dolomite of Gundai Tarako, North-West Frontier Province. Mis¬ 
cellaneous Note : Quarterly Statistics of Production of Coal, Gold and Petroleum in India : 
January' to March, 1937. 

Part 3 .—Mineral Production of imlia during 1936. Minioscopieal Study of Bawdwin Ores, 
Burma. Miscellaneous Note : Quarterly Statistics of Production of Coal, Gold and Petro¬ 
leum in India including Burma : April to J une, 1937. 

Part 4 {In the Press ).— Geology of Palanpor, Danta and part of Idar States. Himalayan Border 
compared with Alps. Pleistocene Glaciation in North-Woatom India, with special reference 
to Erratics of Punjab. Water-Supply of Isa Khel and Mianwali Tahails of Mianwali 
District, Punjab. Fossil Anthrojioids of India : a list of fossil material hitherto discovered 
from Tertiary deposits of India. Miscellaneous Note : Quarterly Statistics of Productiou 
of Coal, Gold and Petroleum in India including Burma ; July to September, 1937. 

Voi.. 73, 1938. 

Vail 1 .—General Report foi 1937. Hindu Kush Earthquake of 14th November, 1937. Kho- 
barito, a New Garnet and on the Nomenclature of Garnets. Provisional Statistics of some 
of the more important Indian minerals for 1937. Miscellaneous Note : Quarterly Stati¬ 
stics of Production of Coal, Gold and Petroleum in India including Burma: October to 
December, 1937. 

Part 2 {In the Press). — Goology of Gujarat and Southern Rajputana. Tin-Tungsten Minera¬ 
lisation at Mtfwchi, Karenni States, Burma. Tin-Tungsten Mineralisation at Hcrmy* 
jngyi, Tavoy District, Burma. Two Fossil Dicotyledonous Woods from fho Garo Hills, 
Assam. On some Fossil Fish-scales from the Intor-trappean beds at Deothan and Kheri, 
f'entrnl Provinces. Miscellaneous Notes : Tfrodite, n manganese amphibolo from Tirodi, 
Central Provinces. Quarterly Statistics of Production of Coal, Gold and Petroleum in 
India including Burma : January to March 1936. Bismutbinite and bisrautosphaerite 
from Manbbum. Apatite and allaiiite in barytes from Manbhum. 

Contents and Index to Records, Vol®. 1-LXV (1936). Price 6 Re. 12 As. 

The price fixed for these publications is 1 rupee eacli part, or 2 rupees each volume of four puts, 
and the price of each part beginning with Vol. LIV is Rs. 2-12-0, or each volume ol four 
parts Rs. 11 and the price of each part beginning with VoL 72 is Rs. 3, or each 
volume of four ports Rs. 12. 






